
CHAPTER XII - SUMMARY OF TROPICAL CYCLONES

1. WESTERN NORTH PACIFIC TROPICAL CYCLONES

During 1981, the western North Pacific
experienced the third consecutive year of
below normal tropical cyclone activity.
Twenty-nine tropical cylones occurred in
1981, one more than the previous two years
but three less than the annual average.
Only one significant tropical cyclone failed
to develop beyond the tropical depression
(TD) stage and 11 tropical storms (TS) fail-
ed to reach typhoon intensity. Of the 16
tropical cyclones that developed to typhoon
(TY) intensitY, only two reached the 130 kt

order from a list of alternating male/female
names found in CINCPACINST 3140.lP. Table
3-1 provides a summary of key statistics for
western North Pacific cyclones. Each tropi-
cal cyclone’s maximum surface winds (MAX SFC
WND), in knots, and minimum observed sea
level pressure (MIN OBS SLP), in millibars,
were obtained from best estimates based on
all available data. The distance travelled,
in nautical miles, was calculated from the
JTWC official best track (see Annex A).

(67 m/see) in~ensit~ necessary to be classi- Tables 3-2 through 3-5 provide further
fied as super typhoons (ST). Tropical cy- information on the monthly distribution of
clones reaching tropical storm intensity or tropical cyclones and statistics on Tropical
greater are assigned names in alphabetical Cyclone Formation Alerts and Warnings.

TABLE 3-1 WESTERN NORTH PACIFIC

1981 SIGNIFICANTTROPICALCYCLONES

CALENDAR MAX MIN NUMBER
PERIOD DAYS OF SFC OBS OF DISTANCE

CYCLONE TYPE NAME OF WARNING WARNING WIND(KT) ~ WARNINGS— —— TRAvELLED(NM

01 TY FREDA 12 NAR-17 MAR 6 100 940 22 1912
02 TS GERALD 15 APR-19 APR 5 60 982 18 1659
03 TS HOLLY 29 APR-07 MAY 9 45 997 31 1711

04 TY IKE 09 JUN-14 JUN k 65 967 21 1386
05 TY JUNE 17 JUN-22 JUN 6 75 965 22 1569
06 TY KELLY 30 JUN-04 JUL 5 75 966 20 1159

07 TS LYNN 02 JUL-07 JUL 6 55 983 18 1992

08 TS MAURY 18 JUL-20 JUL 3 55 990 9 741

09 TS NINA 22 JUL-23 JUL 2 35 995 4 120

10 TY OGDEN 27 JUL-01 AUG 6 65 975 20 1542

11 TD TD-11 31 JUL-02 AUG 3 20 994 7 161

12 TS PHYLLIS 03 AUG-04 AUG 2 45 978 7 318

13 TS ROY 03 AUG-09 AUG 7 50 986 20 838

14 TS SUSAN 08 AUG-13 AUG 6 60 975 19 1180

15 TY THAD 16 AUG-23 AUG 8 85 965 29 1928

16 TS VANESSA 17 AUG-19 AUG 3 55 983 8 1299

17 TS WARRSN 18 AUG-20 AUG 3 45 991 10 497

18 TY AGNES 26 AUG-03 SEP 9 95 947 31 1717

19 TY BILL 03 sEP-07 SEP 5 85 959 17 1583

20 TY CLARA 17 SEP-22 SEP 8 120 924 29 2129

21 TY DOYLE 20 SEP-23 SEP 4 80 964 14 2301

22 STY ELSIE 23 sEP-02 OCT 8 150 893 33 2447

23 TS FABIAN 13 OCT-14 OCT 2 45 990 6 1479

24 TY GAY 14 OCT-23 OCT 10 95 947 35 3390

25 TY HAZEN 14 NOV-23 NOV 10 100 956 37 2956

26 sTY IRMA 19 NOV-27 NOV 9 135 902 34 2732

27 TS JEFF 23 NOV-26 NOV 4 35 999 14 1754

28 TY KIT 11 DEC-21 DEC 11 115 924 40 1902

29 TY LEE 23 DEC-29 DEC 7 95 948 24 1710

1981 TOTALS 144*

● OVERLAPPINGDAYS INCLUDEDONLY ONCE IN SUM.
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TASLE3-2

1981SIGNIFICANTTROPICAL~CLON5 STAT~STICS

WESTERN
NORTHPACIFIC JAN FEB WAR AFR MAY JUN JUL AUG

(1959-80
SEP OCT NOV DEC TOTAL AVE8AGE

TROPICAL
DEPRESSIONS o 0

TROPICALSTOW o 0

TYPHOONS o 0

ALL CYCLONES o 0

(1959-80)AVE~GE .6 .4

0 0 0 0 1 0 0 0 0 0 1 4.8

0 2 0 0 3 5 0 1 1 0

1 0 0 3 1 2 4 1 2 2 ; /’& ;;::

1 2 0 3 5 7 4 2 3 2 29 32.3

.6 .9 1.S 2.0 5.2 6.5 6.0 4.7 2.6 3.4 32.3
L9S3-1*9Z

3Lq

FORMATIONALERTS 28 of 29 FormationAlertEventsdevelopedintoTropical.Cyclones. TropicalCyclone
FormationAlertswere issuedforall but 1 significanttropicalcyclonesthatdevelo~d
during1981.

WARNINGS Numberof warningdays: 144

Numberof warningdayswith 2 cyclones: 23

Numberof warningdayswith 3 or mere cyclones: 3

TA5~ 3-3

FSJX)UENCYOF TYPHOONSBY MONTH AND YEAR

YEAR

AVSRAGE
(1945-58)

1959
1960
1961
1962
1963
1964

1965
1966
1967
1968
1969
1970

1971
1972
1973
1974
1975
1976

1977
1978
1979
1980
1981

AVSRAGE
(1959-81)

JAN

0.4

0
0
0
0
0
0

1
0
0
0
1
0

0
1
0
0
1
1

0
0
1
0
0

.3

FEB

0.1

0
0
0
0
0
0

0
0
0
0
0
1

0
0

:

:

0
0
0
0
0

0.04

MAR

0.3

0
0
1
0
0
0

0
0
1
0
0
0

:

:
0
0

0
0
1
0
1

.2

APR

0.4

1
1
0
1
1
0

1
1
1
1
1
0

:

:
0
1

0
1
1
0
0

.7

MAY

0.7

0
0
2
2
1
2

2
2
0
1
0
0

1
1
0
1
0
2

0
0
0
2
0

,s

JUN

1.1

0
2

;
2
2

2
1
1
1
0
1

2
1
0
2

:

0
0
0
0
2

1.0

.7UL

2.0

i
2
3
5
3
6

4

:
1
2
0

6

:
1
1
2

3
3
2
3
2

2.8

AUG

2.9

5
8
3

;
3

3
6
4
4
3
4

3
4
2
2

:

0
2
2
2
2

3.3

SEP

3.2

3
0

:
3
5

5
4
4
3

:

5
3
2
3
4
4

2
4
3
5
4

3.3

OCT

2.4

3
4
3
4
4
3

2
2
3
5
3
3

:
4
4

:

3
3
2
2
1

3.0

NOV

2.0

2
1
1
3
0
4

1
0
3
4
1
1

1
2
0
2
2
1

2
2

:
2

1.6

DEC

0.9

2

i
o
2
1

0
1
0
0
0
0

0
2
0
0
0
0

1

;
o
2

.6

TOTAL

16.3

17
19
20
24
19
26

21
20
20
20
13
12

::
12
14
15
15

11
15
14
15
16

17.6,



TABLE 3-4

FREQUENCY OF TROPICAL STORMS AND TYPHOONS BY MONTH AIJDYEAR

YEAR JAN FEB

0.1

1
0
1
1
0
0

2
0
0
0
0
1

0
0
0
0
0
1

0
0
0
0
0

.3

NAR

0.4

1
0
1
0
0
0

1
0
2
0
1
0

1
0

:
0
0

1
0
1
0
1

.5

APR

0.5

1
1
1
1
1
0

1
1
1
1
1
0

3
0
0
1
0
2

0
1

i
2

.9

MAY JUN

0.8 1.3

0 0
1 3
3 2
2 0
1 3
2 2

2 3
2 1
1 1
1 1
0 0
0 2

4 2
1 3
0 0
1 4
0 0
2 2

0 1
0 3
1 0
4 1
0 2

1.2 1.6

JUL

3.0

3
3
5
6
4
7

5
5
6
3
3
2

8
6
i’
4
2
4

4
4
4
4
5

4.5

AUG

3.9

6
10
4
7
3
9

6
8
8
8
4
6

4
5
5
5
4
4

1
7
2
2
7

5.4

SEP

4.1

6
3
6
3
5
7

7
7
7
3
3
4

6
4
2
5
5
5

5
5
7
6
4

5.0

OCT

3.3

4
4
5
5
5
6

2
3
4
6
3
5

4
5
4
4
5
1

4
4
3
4
2

4.0

NOV DEC TOTAL

21.6

26
27
31
30
25
40

34
30
35
27
19
24

35
30
21
32
20
25

19
28
24
24
28

AVERAGE
(1945-58)

1959
1960
1961
1962
1963
1964

0.4 2.7 1.1

0
0
1
0
0
0

2
1
1
3
0
6

2
1
1
2
3
1

1965
1966
1967
1968
1969
1970

2
0
1
0
1
0

2
2
3
4
2
4

1
1
1
0
1
0

1971
1972
1973
1974
1975
1976

1
1
0
1
1

1

0
1
1
0
0

2
2
3
4
3
1

0
3
0
2
0
2

1977
1978
1979
1980
1981

AVERAGE
(1959-81)

1
0
2

2
3
2
1
3

1
2

.5 2.4 1.2 27.6

TABLE 3-5
FORMATION ALERT SUMMARY

IiESTT3RNNORTH PACIFIC

ALERT SYSTEMS TOTAL
WHICH BECAME NUMBERED

NUMBERED TROPICAL
TROPICAL CYCLONES CYCLONES

NUMBER
OF

ALERT
SYSTEMS

DEVELOPMENT
RATE

71%

85%

86%

74%

74%

77%

84%

85%

76%

97%

YEAR

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

41

26

29 32

22 23

30 3635

34

34

25 25

25 25

20 2126

32 27 32

23 2827

37 28 28

29 28 29
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TYPHOON FREDA (01)

Typhoon Freda, the first tropical
cyclone of 1981 and only the fourth typhoon
SlnCe 1959 to occur in March, clevelaped
very slowly within the near–equatorial
trough that shifted briefly north of the
equator in early March.

Remaininq quasi-stationary near the
Gilbert Islands just north of the equator
for nearly three days, the disturbance
finally began to move northwestward and
developed slowly as it reached higher lati-
tudes. Although the upper-level synoptic
pattern with strong unidirectional south-
east flow (Fig. 3-01-1) was unfavorable for
development, noticeable improvement in the
satellite signature led to the issuance of
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a Tropical Cyclone Formation Alert at
111900Z. The first warning on TD 01 was
issued six hours later as the disturbance
approached the southern Marshall Islands
when synoptic reports and satellite imagery
indicated further development.

Beginning with the first warning, JTWC
forecasts were consistent in predicting
recurvature west of Enewetak Atoll. This
track was based on an apparent break in the
mid-tropospheric subtropical ridge along
160E between the mid-Pacific high and a
large high pressure cell over the Philippine
Islands. This break was later confirmed by
valuable synoptic data received from recon-
naissance aircraft flying to and from the
developing cyclone.

t !
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FTGURE 3-01-1. ‘ZOO-rob&OLeaml?inL anolqb-ib at
131200Z. M x%.i.b time,the TftouJpatternWOA &t.iLl
ptinmily mhoci.atedtih the mi.d-Patid.ictige with
tie. indition 06 .takge-bcaleOU41OW ovenF::eda
a-ta%i.hlevel. W&d data am a combinationo~ RA08S,
A?REPS,and ha.ZeU-Ltede.zivedwindb( v ) and
bLow-066 windtietionb [+1. Wind bpeeh oAe
in knolb.
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The strong southeasterly flow aloft
resulted in considerable vertical tilt dur-
ing Freda’s northwest track. The 700-mb
center was consistently observed 15 to 25
nm (28 to 46 km) north–northwest of the
surface center. This poor vertical align-
ment combined with the absence of strong
uPPer-level OUtflow channels resulted in
her extremelv slow intensification. This

less than normal for a disturbance that had
developed to tropical storm intensity 48
hours earlier. Although no synoptic
observations or damage reports were received
from Enewetak, the situation could have been
far more disastrous.

In contrast to the extremely slow
development daring the first three days of

proved fortu~ate for Enewetak Atoll which her existence, Freda intensified rapidly
lay directly in F’reds’spath. Freda passed once north of the ridge axis and in a
15 nm (28 km) west of the Atoll with 55 kt more favorable upper-level environment
(28 m/see) sustained winds, considerably (Fig. 3–01-2). Contact with the southwest-
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erly jet north of her provided a v~gorous
outflow channel to the north. With
multiple outflow channels to the environ-
mental flow, Freda intensified from 65 kt
(33 m/see) to 100 kt (51 m/see) and
deepened from 975 mb to 940 mb within 30
hours (Fig. 3-01-3).

Unlike Enewetak, Freda was at her maxi-
mum intensity of 100 kt (51 m/see) when she
passed within 65 nm (120 km) of Wake Island.
Wake reported maximum sustained winds of 50
kt (26 m/see) with gusts to 75 kt (39 m./sec)

primarily by the high surf, estimated to be
over 20 feet, generated by Freda’s close
passage.

As Freda moved further north and
approached the core of the jetstream, the
strong mid-latitude westerlies responsible
for her rapid intensification also caused
her eventual weakening. Forty-eight hours
after reaching maximum intensity, Freda’s
convection was sheared off and the low-level
circulation moved quickly northward and was
absorbed into a developing extratropical low

at
and

152300z. Damage to the island’s runway pressure system.
support equipment was extensive, caused

FIGURE3-01-3. TgphoonFkedaat gO-k.t14Jm/4ec)
.in-tJznA.Lty390nm [722km] bou.thwe&t 06 kkztzeV&and,
14 Maxch1981,212CZ. (NOAA6 WL&lafinugtiyl
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TROPICAL STORN GERALD (02)

A developing mid- to uppper-level cir-
culation southeast of Ponape became evident
on satellite imagery on 12 April. At this
time, the cirrus outflow pattern was
extensive and the cloud system displayed
good curvature. A surface circulation,
however, was not apparent until the 15th
following further significant improvement
of the satellite signature. A Tropical
Cyclone Formation Alert was issued, vice a
warning, at 150000z because island stations
in the vicinity of the circulation reported
that the minimum sea-level pressure was a
still relatively high 1009 mb. Eight hours
later a reconnaissance aircraft observed a
very tight surface circulation with maxi-
mum winds of 30 kt [15m/see) and a mini-
mum sea-level pressure of 1000 mb. Based
on this new information, the first warning
on Tropical Depression 02 was issued at
151200z.

Several factors influenced JTWC to
forecast that Gerald would reach typhoon
strength. First, upper-level wind analyses
showed an extensive upper-level outflow
pattern assocated with Gerald. An anti-
cyclone was located near the system’s
center and outflow was unrestrict~d and
extended well into the Southern Hemisphere.
Second, low-level cross-equatorial inflow
became fully established by the 15th.
Third, reconnaissance aircraft reported
700-mh center temperatures of 21°C. This
observation was 11° higher than the en-
vironment and higher than temperatures
normally observed in a tropical cyclone at

Gerald’s stage of development. The high
amount of latent heat was being released,
which usually indicates impending intensi-
fication.

The reason that Gerald did not develop
as forecast appears to be rooted in a radi-
cal change which occurred in the upper-level
flow pattern. As previously mentioned,
Gerald began with a well-defined upper-level
anticyclone that afforded excellent outflow
channels in all directions. Steady intensi-
fication did occur until 170000Z when a
synoptic-scale upper-level anticyclone began
developing east of Gerald near 10N 155E.
This anticyclone continued to intensify and
increase in areal extent as it shifted
slowly to the soutneast. Gerald’s outflow
channel to the east became restricted as the
south and southeasterly shearing winds aloft
increased in strength. As a result, Gerald
began weakening as he passed about 70 nm
(130 km) to the east of Guam at 1809002.
The Island received ketween 3 - 5 inches of
rain. Andersen Air Force Base reported a
minimum sea-level pressure of 1005.7 mb
and a maximum wind of 49 kt (25 m/see) in
gusts.

After passing Guam, Ge”rald’sconvection
continued to shear off to the northeast as
the exposed low-level circulation center
(Fig. 3-02-1) meandered northwestward where
it was eventually absorbed by an extratropi-
cal trough moving eastward across the
Pacific.

FIGURE 3-02-1. TIwp.ic&SzWunGaa.&iOA an expohed
.F.o#-Lzvet&c@a.tion centmnotih o~ Guam,20 Ap&i,2
198T,22282. (NOAA 6 vkiutimagezy)
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JTWC’S better than average forecasting developing Gerald. Thus , the initial fore-
of Gerald’s track was due in no small part cast track called for recurvature well to
to the extensive 500-mb synoptic track data the west of Guam. Aircraft data on the 15th
provided by the 54th Weather Reconnaissance defined a small anticyclone north of Guam
Squadron. Figures 3-02-2 through 3-03-5 (Fig. 3-02-2) which supported the subsequent
show the evclution that occurred in the mid- forecast of passage southwest of Guam be-
level steering flow as indicated by aircraft fore recurvature. ~ecause this was the
data. first time this cell had been analyzed,

there was no way to determine if the cell
Available synoptic data, although was moving or qvasi-stationary. The 500-mb

sparse, suggested that the subtropical mid- data 24 hours later (Fig. 3-02-3) showed
tropospheric ridge was weak north of the that the mejor break in the ridge still

existed to the west of Guam; thus, recurva-

FIGURE3-02-2. The 151200Z Apti 19gl500mb
bl&almFiKeUna@zb. Olti~c! me a Combimlt.ion
06 MOBS, AlREPS, and ha.tetfit’zdtive.d uindb
(~). W.ndhpeedb tie.inhnofi.

FrGu2E 3-02-3. The 161200ZA,wii.t19.$15U0-mb
~tmamfineandybib. Winddataate a comb.i.nution
06 RAOLZS,AlREPS,and bU.t~’2 duived windb
[y]. (JIMhpeedbtie in kno.tb.
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ture west of Guam still appeared to be the call for passage east of Guam, and, indeed,
best forecast. By 1712002, however, it be- post-analysis shows that Gerald had actually
came apparent that the anticyclone north of begun to follow a more northward track about
Guam had shifted farther to the east, allow- 12 hours earlier. The mid-level analysis
ing the break in the ridge to re-orient it.- at 1812002, which combines both 400 and 500-
self north of Guam (Fig. 3-02-4). At that mb aircraft data,
time,

shows Gerald’s mid-level
the forecast track was altered to circulation being absorbed by the long wave

trough (Fig. 3-02-5).
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TROPICAL STORM HOLLY (03)

Development of Tropical Storm Holly fol-
lowed a ten-day period cf relative calm in
the tropical northwest Pacific Ocean. Holly
was interesting in several ways during her
lifetime. Southern Hemisphere interaction,
intensity fluctuations, weak mid-level
steering flow, and strong upper-level shear
will be discussed in relation to Holly’s
development and dissipation.

The source for the initial energy
impulse in the development of TD-03 is an
interesting point for speculation. A review
of satellite imagery back to 21 April showed
that varying amounts of convection existed
almost continuously in the region of 5.ON
from 160.OE to 165.OE from 2112002 to
2600002. Satellite data suggest that this
convection was related to a fairly active
convective region just south of the equator
(5.0-10.0s, 160.OE-175.OW). BY 2300002,
satellite imagery showed that the southern
hemisphere tropical system was interacting
vigorously with a rather strong mid-lati-
tude system. At the same time, the northern
hemisphere convection increased. Although
again weaker, some curvature in the convec-
tive pattern was noted by 2500002, and a
weak, broad low-level circulation developed
by 2512002 near 4.ON 169.OE. This circula-
tion was not analyzed consistently prior to
Holly’s formation. Sparsity of data and
weakness of the circulation may have pre-
vented detection of the circulation in
synoptic data. Undisturbed easterlies
existed in the area prior to development of
the low-level circulation center. The sur-
face/gradient level analysis showed cross-
equatorial interaction, and with the evi-
dence from satellite data, it appears that

TD-03 was initiated through interaction with
a southern hemisphere system.

The initial satellite alert by Det 1,
lWW on the disturbance which produced Holly
was issued at 260000z. Continued improve-
ment of the convective signature led to
issuance of a Tropical Cyclone Formation
Alert 2802552. At 2901532, the first recon-
naissance aircraft investigative mission was
flown into TD-03. TD-03 was well defined at
this time, and the circulation was closed
easily at the surface and 1500-ft (457 m)
level. The extrapolated central pressure
was 1003 mb, while the maximum observed
surface wind was 25 kt (13 m/see) . By
282106z, the circulation was also evident
on satellite imagery as an exposed low-level
circulation (Fig. 3-03-1). A Dvorak satel-
lite intensity analysis showed a weakening
trend for the past 24 hours and forecast the
trend to continue.

Early fluctuations in the satellite-
derived intensity analysis produced the
first interesting characteristic associated
with TD-03. By 3000002, a steady trend
toward intensification was established. By
0103002 May 1981, both aircraft and satel-
lite data suggested possible development of
a banding-type eye. It certainly appeared
that Holly was on the verge of becoming a
major troPICal cyclone; however, during the
next 24 hours, Holly’s satellite signature
again weakened. A maximum intensity of 45
kt (23 m/see) was reached at 0112002 and
was maintained for 24 hours before the final
weakening trend started (Fig. 3-03-2). From
this point, Holly gradually weakened
although there were continued fluctuations
in the amount and intensity of convection.

Figu/vz 3-03-1. Expowd tow-level ticu-2aaXon 06
TV 03 apptoximutelg5 how pz.ion.toa.ihcM&t
.inuebtigatiueminion, 28 Ap?uX1981,2106Z. [NOAA
6 wkial.imagezy)

F.LgoJce3-03-2. Ttop.icul.StOmnHoUy du,ting-the
peh.iod 06 maximomitieniity,1 May 19gl,12382.
(NOM 6 ui-watimagag)
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A.second interesting characteristic
associated with Holly was her extremely slow
movement. From 3000002 through 0200002,
Holly averaged a forward speed of 11 kt
(20 km/hr); from 0200002 through 0300002,
the average speed was 6 kt (11 km/hr); and
from 0300002 through 0600002, Holly’s aver-
age speed was slightly less than 3 kt (6 kmj”
hr) . Due to sparseness of data, it is im-
possible to state with complete certainty
why Holly slowed so dramatically. The sur-
face/gradient level and 500 mb analysis, how
ever, offer possible explanations. At the
surface/gradient level, Holly’s path was
across the main stream of the northeast trade
regime. The stream was significantly
stronger on the north side of Holly, and
this “crosswind” apparently helped in the
retardation of forward speed as far as the
lower tropospheric steering was concerned.
When Holly finally began to accelerate, the

trade winds were deflected more easterly and
more toward a direction parallel to Holly
(Fig. 3-03-3).

The second possible explanation for the
sudden deceleration and extremely slow move-
ment lies in the mid-troposphere. Wind
analyses at 500 mb consistently showed weak
steering surrounding the cyclone’s environ-
ment. The weak flow was due in part to a
cut–off low which was located near 30N and
between 155E and 165E during the period of
Holly’s slow movement. The gradient between
this cut-off low and the ridge placed major
wind currents well northeast and northwest
of Holly’s 500 mb cyclone. This gradient
slackened just north of Holly and winds that
were not considered storm induced generally
were 10 kt (5 m/s) or less. This was clear-
ly evidenced by reconnaissance tracks flown

.. .

>

—,WA” / /’ /

(a)

(b)

Figu.w3-03-3. Su4~acc (~)/gtitieti (+)
level anatyati: [a) at 0200002 wkich aw typical
dunZnglfol-f?g’~peziud 06 Mow movementand (b)a-t
0700002~how.ingthe pattezlt m Hdlg begaj?to
accelatafe. Wncb ah.ein knoti,



north of Holly. Furthermore, these same
analyses showed Holly remained south of the
ridge in the weak easterly current. A
break in the ridge never occurred in suit-
able position to allow Holly any other pos-
sibility (Fig. 3-03-4).

The final interesting characteristic was
Holly’s failure to develop a significant
outflow pattern. At O1OOOOZ and again at
0409002, Holly appeared to be developing a
good outflow channel to the northeast. On
each occasion, however, the outflow was not
maintained and a southwest outflow channel
never developed. The 200 mb wind pattern
was fairly strong throughout Holly’s life-
time with a large amplitude ridge anchored
off the Asian coast. The position of this
ridge forced additional pressure on the pre-
existing southwesterly subtropical jet which

had been lying just west of Holly. Conver-
gence of the two upper level wind streams
induced a 40 to 60 kt (21-31 m/s) wind maxi-
mum just northwest of Holly’s upper level
center (Fig. 3-03-5). This persistent fea-
ture eroded Holly’s convective organization
and 0621252 satellite imagery showed a
totally exposed low level circulation with
the formerly associated convective 50 nm
(93 km) east of the center. Once this
shearing took place, Holly eventually spun
down and dissipated over open tropical
water.

Tropical Storm Holly never reached
typhoon strength as originally expected.
The intensity fluctuations, weak mid-level
steering, and shearing flow at both low- and
upper-tropospheric levels all contributed
to Holly’s eventual demise.

(Lt, ):ty
1 %’11’A

F.iguze3-03-4. 500mb A.tz&ne cWUL&Jbh al

05120CJZ.WA anolq~tiu -typicato~ the pa-ttotn
eti tingduzingHotly’b tidtie. Winddatatic a
combination1706 RAOBS,RECOIJ,and hatell-ite-ddved
w.ind4[~). Windhpeeb ate in hnoti.

.——

-.

,.

Flguze 3-03-5. ‘ZOO mb Mmanilne ana.tg~bal
0312002. Wind data ane a combition o~ RAOBS,
AlREPS,and m.teUite-da-ivedwinh (%) and
blow-o66 windchketioti (+). UindWceh me
in knoti.
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TYPHOON IKE (04)

Typhoon Ike was one of several recent
examples of tropical cyclone development
over the South China Sea during the end of
the monsoonal transition season. Several
characteristic features have often been
observed by JTNC forecast~rs. Both in the
tropical cyclogenesis and during the life-
time of the system as a tropical storm and
typhoon, These include:

1) Tbe system becomes initially
evident orisatellite imagery as a mid–
tropospheric monsoonal depression with
fluctuating associated convection.

2) The system is often initially
slow to develop a closed surface circula–
tion, despite persistent associated convec-
tion.

3) The system is also slow to
intensify, even after evidence of surface
development.

4) The system frequently maintains
a broad asyrmnetricalwind distribution
throughout its life cycle.

5) The system is usually short-
lived, with repeated interactions with

nearby land masses.

Ike was typical of this pattern and
displayed all the above characteristics
during his development. The first evidence
that Ike may develop occurred on June 8th,
as the 080000Z surface analysis indicated
relatively lower surface pressures just west
of the Philippine Islands. Based on this
data, and satellite imagery which indicated
continued convective support, a Tropical
Cyclone Formation Alert (TCFA) was issued
at 0806002.

Ike had a difficult time persisting as
a tropical cyclone as steady upper-level
shear displaced Ike’s 700 mb center as much
as 60 nm (hi km) southwest of the surface
circulation. Finally, on 9 June, Ike
moved into an area of decreased shear aloft,
which allowed vertical alignment to intensi-
fy the system. The first warning was issued
at 090000Z and Ike reached tropical storm
intensity at 1000OOZ (Figure 3-04-1). In
the meantime, a mid–latitude, mid-troposphep
ic trough over Asia continued propagating
eastward, and Ike accelerated to the north–
east, steered by the increasingly strong
southwesterly flow. Intensification contin-
ued during the acceleration process.

Fi.gute3-04-1. Thopi.cd @2J@bbiOtI 04 ab .Ltbeganto
devctopand conboli.da-tc.i.tAabbot.io-tedconvection
uhi..leove.JLthe South China Sea, 9 June 1981,23362
(NOM 6 VtiUd-&l~#L~).
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Only one aircraft reconnaissance mission
was able to penetrate Ike due to geographi-
cal and political constraints. This air-
craft fixed Ike near the stormts peak inten-
sity just prior to landfall over Taiwan.
The crew reported that Ike*s minimum sea-
level pressure had decreased to 967 mb, 700
mb winds of over 60 kts (111 km/hr) were
measured, and aircraft radar indicated par-
tial eyewall formation. Based on the above
data, it was concluded in post-analysis that
Ike reached minimal typhoon intensity near
this time. Less than 12 hours later, Ike
moved ashore over southwestern Taj.wan.

Ike weakened significantly while tra-
versing Taiwan but emerged over open water
north of Taipei around 1315002 with a small,
persistent knot of central convection. This
area of convection dissipated as Ike became
an extratropical low at 1400002 (Figure 3-
04-2).

Subsequent press releases reported minor
damage over Taiwan due to heavy rains and
flooding which accompanied Ike. Eight stonn-
related fatalities were reported, four from
Taiwan and four from the Philippine Islands.

F-i.guzt3-04-2. Taopica.1 s+Ozm Ike m a pattiA&j
expo~ed -?ow-teuci? “wmulutan a ha begane.uh-
.fmp.ika.tttan&iXon, 13 3une 22452 [NOAA 6 v.i.wat
imlugel.gl.
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TYPHOON JUNE (05)

The process for genesis of tropical cy-
clones through interaction with a tropical
upper tropospheric trough (TUTT), (Sadler,
1976), was evident during the early develop-
ment stages of Typhoon June. A TUTT was
established over the Philippine Sea early in
June leading to the generation of a tropical
disturbance over the Palau Islands.

On the 13th of June a cell within the
TUTT was observed on satellite imagery north-
east of the disturbance resulting in impro-
ved organization of the disturbance as the
TUTT cell tracked westward. Surface synOp-
tic reports indicated no pre-existing circu-
lation on the surface associated with this
disturbance. The general flow pattern was
converging in the area of the disturbance,
then continuing northwestward into Typhoon
Ike.

ted an outflow center was beginning to form
which prompted JTWC to issue a formation
alert at 1701002. The disturbance then
developed its outflow aloft and banding fea-
tures were evident on satellite imagery of
1706002. At that same time aircraft recon-
naissance also found that the disturbance
had tropical storm strength winds. Subse-
quently, the first warning on Tropical Storm
June was issued.

A 500 mb anticyclone was positioned over
the Ryuku Islands with the ridge axis extend-
ing over much of China at the time the first
warning was issued. The anti-cyclone remain-
ed virtually stationary as June tracked
northwestward toward Taiwan. During the
first 24 hours after the initial warning June
did accelerate, but slowed again to her ori-
ginal speed the following 24 hours. The

By the 15th the TUTT cell was northwest
area in which the acceleration occurred was

of the disturbed area and the potential for
practically void of wind data at the 500 mb

development of a tropical cyclone was great-
level and therefore no suitable explanation

ly improved. The area of disturbance was
can be made for this occurrence.

optimally positioned with respect to the It is interesting to note that the TUTT
TUTT cell, i.e. under an upper level diver- cell which helped form June moved ahead of
gent area which served initially as an out- her along a parallel track until she hit
flow mechanism. Nevertheless, progress in Taiwan. June maintained a position southeast
the development of the cyclone was very slow. of the TUTT cell throughout this period.
Aircraft reconnaissance on the 15th indica- Furthert June intensified to a maximum of 75
ted that a weak circulation was located 200 kt (39 m/s) while tracking behind the TUTT
nm north of the Palau Islands. cell- Satellite imagery at 191029Z (Pig. 3-

05-1) showed Typhoon June at her maximum

Late on the 16t!hsatellite data indica- intensity.

FIGURE3-05-1. SateW+.Lmage/y at 19?029204
Tgphoon Juneagak a.t2umnga maximum.l.nzenb.iilj06
75 k..t(39m/hec]. lMOM6.i.n&@t?cftigetyl
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June hit Taiwan with winds of 75 kt (39
m/see) . Radar observations at Hua-Lien (WMO
37918) provided essential information to
JTWC when June began to deviate from a north-
ward direction toward a point 40 nm (74 km)
southeast of Taipei. Figure 3-05-2 is a
picture of the radar presentation taken at
Hua-Lien at 0500z on the 20th (photograph
courtesy of the Central Weather Bureau,
Taipei, Taiwan), when June had an intensity
of 75 kt (39 m/see) 9 hours before landfall.

June was forecast to recurve in all but
two warnings. The initial reason for recur-
vature was based on a 500 mb trough that was
expected to move over Eastern China, with
the anticyclone over the Ryuku Islands mov-
ing eastward. As June neared Taiwan it was
apparent that these forecast upper air move-
ments had not taken place. June’s forecast
track was then changed, for two warnings, to
reflect the strength of the anticyclone
north of her and indicating a more westward
track with landfall over China.

Another reason for
forecast track was the
rus plume extending to
from June. Typically,

days, in advance of the event, a cirrus plume
is seen to extend northwestward from a trop-
ical cyclone that will soon recurve. The
plume generally extends far downstream in
the direction of the upper level winds,
which greatly influence the direction and
speed of the tropical cyclone after recur-
vature. June did not exhibit a cirrus
plume either before or after recurvature.

Later upper air data indicated that a
new anticyclone formed over China at 500 mb
with a resultant weakening in the ridge
between the anticyclor’esover China and the
Ryukyu Islands. Recurvature was again fore-
cast because of this change at 500 mb.

June began to weaken gradually after
recurvature. The 500 mb anticyclone that
had formed over China and allowed June to
recurve, moved southward as a trough approa-
ched China’s coast. As June neared Japan,
she began to interact with a weak frontal
system extending southwestward and entrain
c~ld air supplied by the ‘mu@. At 12002

the change in the
lack of a large cir-

on the 22nd-~he fin;l

the northeastward
on June as she became

several hours, or
tracking over Kyushu.

warning-was issued
extratropical before
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TYPHOON KELLY (06)

The disturbance which became Typhoon
Kelly was first detected by satellite imagery
on 25 June northwest of Truk Atoll (WMO
91334). During the four-d~y period which
followed, three tropical cyclone formation
alerts were issued. This period was marked
by often impressive organization on satel-
lite imagery with little or no evidence of a
surface circulation center. However, with
synoptic data at 2912002, it became increas-
ingly evident that a surface center had es-
tablished itself and at 3000002, the first
warning was issued on Tropical Depression 06.

The successful launch of NOAA 7 in June
1981 afforded JTWC the opportunity to receive
local afternoon surveillance from a high re-
solution polar-orbiting satellite platform.
At 2504472, while NOAA 7 was in its 17th
orbit, a disturbance was’located just north-
west of Truk. During the next two days,

satellite imagery showed a continued develop-
ing trend. The 2704242 visual imagery from
NOAA 7, yielded a Dvorak intensity classifi-
cation of T2.5 (2.5 is equivalent to 35 kt
or 18 m/see in the classification system).
Based on the later data, a Tropical Cyclone
Formation Alert was issued at 270800z for an
area north of Ulithi Atoll (WMO 91203).
However, during the 16 hours which followed,
satellite imagery showed a rapid weakening
of the disturbance, and at 2800002 the for-
mation alert was cancelled.

Figure 3-06-1 shows a composite surface
streamline analysis of 00002 data from 25 to
28 June. There was very little evidence of
a ~iscernible low-level center near the dis-
turbance which had been observed on satel-
lite imagery during this period. However,
the composite analysis does suggest a weak,
but pre-existing, low-level center located
well west of Ulithi.
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At 2812002, satellite imagery once again
showed an area of increased convection, this
time centered near 14N 135E. The 2812002
synoptic reports and subsequent satellite
imagery showed improved organization! thus
at 2820002, a Tropical Cyclone Formation
Alert was reissued. Figure 3-06-2 is a NOAA
6 image of the disturbance near the time the

formation alert was issued. During the fol-
lowing 28 hours, further development was
evident and the alert was repositioned. At
2922412, a Dvorak intensity classification
of T2.5 was provided by the Det 1, lww
Nimitz Hill, Guam, and the first warning on
TD-06 followed at 3000002.

Fi.jum3-06-2. Aweak &OUdb@t?M COlt~Uklb bLOI
mdwetlopingOtt thib Aa.ttit ~~ 60fl 2$23042
June. (NOAA6vh@tigW]

Figu.tc 3-06-3. A wakened K&y [TU-06] mou.@
though -t& centxal Plvi.Lipp.Lneb(3023592 June). M-
.thoughKeU.g had .Lohf bOIIWZ 06 hib eal.-!2ain.tenb.Lty,
Zhe mUeme 06 enengqin heavgpteci@taa%n caubed
wkn.hm {Loodingand humanhU&~kVI.&J M cannot
bc wucta.ted Xo obbe.nuedbuzdace windb and pteb-
bl&W.b . (NOAA bvi4ud.iww9)

Synoptic observations from reporting
stations along the southeastern coast of
Luzon and Catanduanes Island (WMO 98447)
indicated that TD-06 made landfall at, or
near, tropical storm strength, at 3012002.
Thus, at that time TD-06 was upgraded to
Tropical Storm Kelly. As Kelly tracked over
the central Philippines, the low-level
circulation pattern became disrupted and the
observed wind speeds lessened, so that by
31OOOOZ, Kelly was downgraded to TD-06. TD-
06 tracked directly over Mindoro Isiand and
despite having lost some of its earlier in-
tensity, the combined effects of heavy rains,

flooding and mudslides left thousands home-
less and nearly 200 dead, Figure 3-06-3
shows TD-06 (Kelly) over Mindoro Island.

Within hours after TD-06 moved into the
South China Sea, it regained its low-level
circulation pattern and resumed its inter-
rupted intensification trend. At 0118002,
TD-06 was upgraded to Tropical Storm Kelly.
(In post-analysis, Kelly first attained
tropical storm strength at 3006002, was
downgraded at 3018002 and was upgraded at
O1O6OOZ. This is fairly typical of post-

storm analysis since the supporting synoptic
data are received at J~C after tTiewa”rning
has been issued for the synoptic hour; thus,
the upgrading and downgrading usually follow
on the next warning) .

From the first warning on TD-06, an
e“ventualtrack towards the north was anti-
cipated once the system entered the South
China Sea.. The 500 mb pattern over Asia
was fairly weak and the numerical model
forecast series indicated a rather deep
trough moving into the region. As Kelly
approached the South China Sea, the O1OOOOZ
500 mb hand-analysis (Fig. 3-06-4) showed
Kelly in a favorable location for movement
to the north. What followed in the first
24 hours, however, was a virtually westward
track. Figure 3-06-5 shows the 500 mb pat-
tern just 12 hours later (0112002). In
reconstructing the situation it is evident
that the northward current moving around
Kelly’s eastern periphery actually aided in
building the ridge to the north, such that
the ridge line kept moving west with Kelly.
Eventually this process abated and near
0212002, Kelly began moving towards the
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northwest. Figure 3-06-6 depicts the offi-
cial J“TWCforecasts for Kelly. Note, the
persistent trend in virtually every warning
issued of Kelly having an increasing north-
ward movement.

At 0200002 (in post-analysis, 021800z),
while moving to the northwest, Kelly was up-
graded to typhoon strength. The 030300z
surface observation from the Paracel Islands
(WMO 59981) indicated a windshift to south-
easterly winds of 74 kt (38 m/see) and a sea
level pressure of 970.8 mb. It was during
this period that Kelly is assumed to have
reached his maximum intensity of 75 kt (39
m/see) . Subsequent satellite imagery indi-
cated weakening convection with cirrus
occasionally masking the eye. BY 0318002,
Kelly had reached the southeastern portion
of Hai-nan Island and the eye was no longer
evident on satellite imagery. After skirt-
ing along its southern coastline, Kelly

moved away from Hai-nan and lost much of his
strength, resulting in downgrading to tropi-
cal storm strength at 040000z. From Hai-nan
to the coast of Vietnam, surface reports
were sparse but there is little doubt that
Kslly no longer had the low-level winds
which were evidenced the preceding day.
Interestingly, at 040629z (Fig. 3-06-7),
Kelly briefly displayed a large ragged eye
which was observed to be opening to the
west at 040900Z. There remains a possibi-
lity that Kelly may have regained some
strength in the Gulf of Tonkin. However, if
KelIy did, it must have been short-lived
because hourly reports from Vietnam never
indicated any significant or well-organized
winds prior to, or after, landfall, which
occurred about 100 nm (185 km) south of
Hanoi at 0418002. The last satellite fix
received for the remnants of Kelly was at
05000Qz, positioned along the Vietnam-Laos
border.

Fiquw 3-06-7. A magged qe A appwrm.t on 0406292
3u.?ghatWiZe.Onagatifah Ket-!ymov tiuw.iiwdin
theGuL6 o~70nkin. Th.iAqe @atute~ 6hoti-
.L.&ed and ob~e-tvedti did not&weaA
@a6e. (NOAA7@.uaLimagcy}
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TROPICAL STORM LYNN (07)

Following on the heels of Typhoon Kelly,
Tropical Storm Lynn was the second storm in
three days to devastate the Philippine
Islands. Packing winds of 45-50 kt (23-26
m/see) , Lynn’s 30 hour track across the
northern Philippine Islands brought torren-
tial rains and accompanying mud slides
leaving 18 persons dead and some tens of
thousands homeless.

Lynn was first detected on satellite
imagery at 2700002 as an area of enhanced
convection just south of Ponape. This area
was part of a weak equatorial trough that
extended from Ponape northwestward to just
southwest of Guam, where a second active
convection area existed that later became
Typhoon Kelly. A broad scale upper level
divergent pattern existed over the entire
region south of a Tropical Upper Tropos-
pheric Trough (TUTT) located near 15N 160E.

During the next several days both dis-
turbances tracked westward under the influ-
ence of the mid-to-lower-tropospheric west-
erly current south of the subtropical ridge.
While the disturbance near Guam eventually
intensified to Tropical Storm Kelly, the

disturbance near Ponape continued to show
marked variations in its convective activity,
due in part to the degree of vertical wind
shear that existed over the disturbance.
Although synoptic data indicated a 1010 mb
surface low as early as 291200z, an analysis
of 200 mb satellite-derived winds between
.2700002June and 0200002 July indicated that
the north-south flow across the disturbance
varied from as little as 10 kt (5 m/see) to
as great as 35 kt (18 m/see) . This large
shearing effect appeared to prevent any
significant development of the disturbance
during this period.

By 0200002 the upper trough had extended
westward to a position just to the northeast
of Kelly in the South China Sea and a TUTT
cell observed near 20N 128E finally blocked
the strong shearing pattern (Fig. 3-07-1).
A Tropical Cyclone Formation Alert (TCFA)
was issued at 0203002 when an upper-level
anticyclone could finally be identified over
the disturbance. Development was still
expected to continue slowly since satellite
imagery did not indicate a strong central
convective region. Aircraft reconnaissance
at 0205302 could only detect a weakly organ-
ized 1005 mb circulation pattern.

Figuu 3-07-1. 0200002I&g 1981,200mb &tIceami?ine
analq~h wpaimpo4d on 4tie.?.Uepictu.fuat
0121552o.nd0123362.TkiA &@te depiti the TUfT
ceLPA in mlaliotilzip .tothe developingAXOIUMK&Q
and Lgnn. (NOAA6 u.iAtiimage-y)
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By 0218002 satellite imagery indicated a
much improved central convective region and
the first warning was issued. Seven hours
later at O3O1OOZ aircraft reconnaissance
found that Lynn had already reached tropi-
cal storm strength with 40 kt (21 m/see)
surface winds and a minimum sea level pres-
sure of 998 mb.

As Lynn skirted the northern edge of
the eastern Philippine Islands, she abruptly
slowed from 16 to 7 kt (30-13 km/hr). This
was partially due to the disruption of
Lynn’s circulation pattern over the moun-
tainous terrain of the Philippines and the
slight northern retreat of the 500 mb high
which temporarily slackened the steering
flow across the storm. Also during this
time, a large influx of moisture from the
South China Sea caused a massive build-up
a tropical depression, with an intensity of
30 kts (15 m/see) and a central pressure of
997 mbr and the final warning was issued.

of cloudiness along Lynn’s southern peri-
phery which, in turn, caused Lynn’s circular
convective pattern to become distorted.
This made it very difficult to locate Lynn
with satellite imagery. It was not until
0406002, when a strong central dense over-
cast (COO) had developed (Arnold, 1974) just
east of Luzon, that Lynn could again be
tracked reliably. Figure 3-07-2 shows
Tropical Storm Lynn and her COO just after
she made landfall near Baler, Luzon (WMO
98333).

With the formation of the CDO, Lynn
appeared to have gained back some of the
organization that she had prior to reaching
the Philippines. This seems to have enabled
the storm to be more easily advected in the
steering flow as Lynn quickly increased her
speed to 13 kt (24 km/hr).



With her speed increased, Lynn lost
little of her intensity while crossing the
island of Luzon in less than six hours.
From Luzon, Lynn followed a fairly climato-
logical northwest track across the South
China Sea. JTWC had very little trouble
predicting her direction of movement as the
500 mb high over Asia was now 100 m higher
than it had been a week prior with Typhoon
Kelly.

Like Kelly before her, Lynn was pre-
dicted to become a minimum strength typhoon
once she reached the central South China
Sea. However, with the increase in strength
Of the Asiatic high, the flow at 200 mb also
increased. By 0512002, Lynn had reached a
position just north of where Kelly obtained

typhoon strength. As can be seen in Figure
3-07-3, Lynn’s outflow was restricted in her
northwest quadrant as 70 kt (36 m/see) east-
erlies were observed only 420 nm (778 km)
north of the storm. It was not until just
prior to making landfall on the south China
coast that the easterly winds north of the
storm abated to only 20 kt (10 m/see) and
satellite imagery indicated that Lynn*s
outflow had improved. By this time there
was little room for much intenslficantion.

Lynn finally made landfall near Shang-
Chuan-Tao, China (WMO 59673) at 0622002 90
m (167 km) west-southwest of Hong Kong.
Maximum sustained surface winds at landfall
were estimated to be near 55 kt (28 m/see)
with a central pressure of 983 mb.
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TROPICAL STORM NAURY (08)

At 0000Z on 14 July, satellite imagery
revealed what was to become Tropical Storm
Maury within a convective area near llN 137E,
about 110 nm (204 km) north-northwest of the
island of Yap (WMO 91413). Southwesterly
low-level flow moved the disturbance at 05
kt (09 km/hr) during the initial 48 hour
period. A 500 mb ridge influenced the sy-
stem thereafter and accelerated it to 14 kt
(26 km/hr) by 1700002. A mid-level circula-
tion was identified on 1612002 satellite
imagery and could also be analyzed on the
500 mb charts. The disturbance slowed and
moved west-northwest under the influence of
the 500 mb ridge located to the northeast
while south-southwesterly monsoonal flow
continued near the surface.

A Tropical Cyclone Formation fiert was
issued at 1716002 when syriopticdata indi-
cated winds associated with the disturbance,
then located near 20N 128E, had reached 25
kts (13 m/see). Pressures within the dis-
turbance and the surrounding environment were
1003 Mb.

The first warning on Tropical Storm Maury
was issued at 1800002 based on several ship
reports in the area at 171800Z. Once the
disturbance became enhanced by the monsoonal
flow, and the central pressure dropped to
999 mb, the system began rapid movement;
once again being totally steered by the 500
Mb flow.

Aircraft reconnaissance of the storm
shortly after the first warning found the 700
mb center displaced to the north-northeast
of the surface center by 50 nm (93 km) ,
indicating the storm was tilted in that dir-
ection. Figure 3-08-1 depicts the exposed
low level circulation, near 21N 128E, to the
southwest of the main convection. The ex-
posed low level circulation and displaced
convection gave the appearance that Maury
was moving to the northwest of his previous
positions, The vertical alignment of the
system eventually improved and the entire
system moved northward under the influence
of the 500 mb ridge, as Figure 3-08-2 indi-
cates. The 181816Z position was near 24N
127E.

FIGURE3-08-1. TzoP&al S-?WLM MUUY at 35 ktb [18
m/hec) intutbtig, 18 JULY 19~1,05?3Z. kkzukg’hlow-
Levflcente-tUKL5expobed ~0 .thtbOUthWtbt 0~ tht?

mutn convect-ion.[NOAA7 vibudimzgw]
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Following this northward movement, the
system was forecast to track to the north-
west, toward China, as indicated by steering
aids from Fleet Numerical Oceanography Cen-
ter, Montery, California. An apparent weak
ridge over China turned out to be much
stronger than originally believed and Maury
was diverted toward Taiwanr as shown in
Figure 3-08-3, when the position was analy-
zed to be 25.5N 124E. Aircraft reconnais-
sance of the storm at 1905432 found the 700
mb center continued to be displaced from the
surface position, but now by 45 nm (83 km)
to the west-southwest. This precession of
the 700 mb center and erratic motion of the
surface center presented a great deal of
difficulty in forecasting the movement of
the storm.

The Storm center made landfall on the
northern tip of Taiwan at approximately
191OOOZ. Maury caused heavy flooding in the
northern and central portions of Taiwan,
leaving 27 dead and many others missing or
injured. The flooding was the worst of this
year in Taipei City, according to Taiwan
press reports.

Maury then moved into the Formosa
Straitr still maintaining tropical storm
strength, but the intensity was now reduced
to 35 kts (18 m/see) following its inter-
action with the orographic features of
Taiwan. Maury made its second landfall
approximately 30 nm (56 km) south-southwest
of Fu-thou, China, at 1921OOZ. Three hours
later, at 2000002, Maury was downgraded to
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The remanents of Maury did not complete-
ly dissipate over China as expected, but
continued inland and began tracking towards
the southwest, eventually re-emerging in
the Gulf of Tonkin. The remanents were
identified as being over water based upon
synoptic data at 230600z, at which time the
system was again discussed in the Signifi-
cant Tropical Weather Advisory. The con-
vective activity lagged behind the surface
circulation until the surface circulation

moved into the Gulf of Tonkin. A Tropical
Cyclone Formation Alert was issued at
231200Z; synoptic data indicated the low
level system had recurved northward to make
final landfall, approximately 30 nm (56 km)
southwest of Yin-thou, while the convective
activity continued to move to the southwest.
The remanents of the surface circulation
then followed orographic features inland
and could no longer be distinguished after
241200z. The convective activity went over
land south of Nam Dinh, Vietnam at 240000z.

These cells finally dissipated in the moun-
tains of Laos at 241200z.

FIGURE3-08-3. TllOp&& ~OhM hkwy bhowedwebtid
mowm?ntutthetime o~th.iAimageky,Ig July 1981,
23052. Mauk.g10 hoti bedoze mztig .2and@.&tat the
notihwtip 0{ Taiwn. (NOAA6 V.i.4U(Z?_@!21LIJ]
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TROPICAL STORM NINA (09)

Tropical Storm Nina eventually formed throughout the warning period. Initially
from a leeside surface low in the wake of moving at 12 kts (22 km/hr) as it rounded
Tropical Storm Maury (08). The disturbance Taiwanr the storm slowed as it approached
was first detected on 21OOOOZ July synoptic land. Nina had weakened to tropical depres-
charts near 24N 122E; to the east of Taiwan. sion strength when landfall was made at
The disturbance moved within the monsoonal 2218002, 30 nm (56 km) northwest of
flow from the southwest until the vertical Hsia-p’u, China. The final warning was
development became entrained
ward flow around a mid-level
the east.

When the system began to
ward around the northern tip
Significant Tropical Weather

into the west- issued at 230000z, when the system was 35 nm
anticyclone to (65 km) inland and orographic effects were

rapidly dissipating the system.

drift northwest- Nina started out as an exposed low-level
of Taiwan, a circulation with convective activity to the
Advisory was east. During the warning process this trop-

is=ued at 22000iz. The Tropical Cyclone
Formation Alert was then transmitted at
2201OOZ when synoptic data indicated a
surface circulation was located near 25N
123E. The first warning on Tropical
Depression 09 was subsequently issued at
2206002.

Nina maintained a northwest track

ical cyclone was not forecast to reach trop-
ical storm strength; however, in post-
analysis Nina was upgraded to tropical
storm strength for the initial 12 hour
period. A 35 kt (18 m/see) ship rePOrt
originally considered suspect was later
verified by several other ship reports of
similar wind speed, but not in time to be
included on the second warning.
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Typhoon Ogden developed near 23N 151E

TYPHOON OGDEN (10)

when a circulation formed under a pre-exist-
ing convective area. Development of this
circulation triggered TCFA issuance at
2622002 Aug 81, however, the area had been
connectively active during the previous
forty-eight hours. Once the circulation
formed, very gradual intensification fol-
lowed. A well-behaved storm track ensued
that posed no significant forecast problems.

The initial warning on TD 10 (2706002)
carried a gradually recurving track to the
east of Japan. This forecast was based on
the apparent existence of a break in the 500
mb ridge to the northwest and the approach
of an apparently significant trough in the
westerlies. Forecast aids were in disagree-
ment on the forecast track. Climatology and
the current synoptic situation influenced
the choice of the recurve track over a
northwest to westerly straight track. Three
warnings were issued with the recurve fore-
cast before a change to straight northwest
movement was decided upon. The change was
precipitated by two things; synoptic data
showed the approaching trough was not as
strong as anticipated, and the ridge to the

(a)

north was building westward ahead of TD 10.
No further changes in track were required as
TD 10 responded well to the steerinq cur-
rents on the south side of the ridge.

Favorable outflow conditions were never
established for TD 10 and this perhaps
explains the very gradual intensification.
Twenty-four hours after TD 10 formed, tropi-
cal storm strength was reached, however, it
took another sixty hours for then Tropical
Storm Ogden to reach its maximum intensity
of 65 kt (33 m/s) thus becoming a minimal
typhoon (Fig. 3-10-1). Ogden was upgraded
to typhoon in post-analysis based on a combi-
nation of aircraft and land synoptic data.

Ogden crossed southern Kyushu between
3016002 and 3021OOZ and weakened significant-
ly. Ogden still possessed tropical storm
strength winds when it emerged into the East
China Sea. Weakening continued as Ogden
headed northwest toward Cheju-Do Island and
the Korea. Peninsula. Succumbing to upper
and mid-level shear, Ogden finally dissipa~
as a significant tropical cyclone over the
Yellow Sea along the west coast of Korea.

(b)

FIGURE 3-10-1. a] TILop&d StomnOgdenal 292259Z
appfLoximateLytwdw hoti ptiotto beachingtyphoon
h.tteng-th.in.temiitya% XhiA-timew 55 .kt(z?~m/b].
(NOM 6 u.iAuaZimagekgl b] TyphoonOgdenat 300957z
nut the time o~ maxinnuni.n.tenbi.ty,65 & [33mlb ).
(NO&46 inij~edimag~]
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TO-11 AND TROPICAL STORM PHYLLIS (12]

The genesis of TD-11 and Tropical Storm
Phyllis were associated with one synoptic
feature, but the extent of development of
each was significantly different. The sy-
stems are being discussed together to con-
trast their early development and thereby
come to some understanding as to the in-
ability of TD–11 to mature into a signifi-
cant tropical cyclone. A brief discussion
of Tropical Storm Phyllis will then follow.

On 30 July a monsoon trough developed
that extended from the Northern Marianas
Islands southwestward toward the Palau
Islands. Two surface circulations were
embedded at opposite ends of the trough. A
mid-level cyclonic circulation was located

over the northeastern portion of the trough
while upper-level data had been indicating
the presence of an anticyclone over the
area.

Development of a significant tropical
cyclone was potentially high because of the
vertical relationship of the upper level
anticyclone to the mid-level and surface
circulation centers. Consequently, a for-
mation alert was issued at 3103OOZ for the
Northern Marianas area. During the ensuing
nine hours, satellite imagery showed evi-
dence of strong upper-level outflow and ship
data near the circulation center reported
pressures of 997mb; thus JTWC issued the
first warning on TD-11 (Fig. 3-11-1).

FIGURE3-11-1. TV-11em.tyin .&2 development on
30 JULY 19tl, 22362. [NOAA 6 .in&uztedtig@j)
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A decrease in the upper level organiza-
tion was evident on satellite imagery as the
anticyclone receded slowly northeastward.
Although the mid and upper level features
that helped form TD-11 were still present,
by 1 August they appeared to be displaced
from the vertical axis of the depression.
TD-11 was tracking northeastward at a slower
rate than the urmer level anticvclone and
eventually enco~ntered upper le~el wind
shear caused by the anticyclone which dis-
associated from TD-11 on the 2nd of August
and moved well to the northeast. The final
warning on TD-11 was issued at 0200002.

Aircraft reconnaissance observations on
the 1st of August (Fig. 3-11-2) revealed
TD-11 was not as well organized as when the
first warning was issued. A circulation
center was evident at 1500 ft. but the sur-
face winds were indicative of only an elong-
ated trough extending from TD–li to the sec-
ond circulation north of the Palau Islands.

Throughout the trough in general, surface
pressures were low with weak pressure gra-
dients, thus accounting for the weak wind
field about TD-11 whose central pressure
could have supported much higher winds had
it not been embedded in the trough.

While attention had been focused on TD-
11, another surface circulation, located in
the eastern-most portion of the monsoon
trough continued to persist. The upper-
level anticyclone was now providing the out-
flow mechanism required for further develop-
ment. A formation alert was issued at
0223002 for the area northeast of the
Marianas Islands. By 0306002 aircraft and
satellite recomaissance provided evidence
that the circulation had already attained
tropical storm intensity and the first
warning on Phyllis was subsequently issued
at that time.

The two features most directly respons-
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ible for the lack of development of TD-11
and the intensification to Tropical Storm
Phyllis were the location of the upper-
level anticyclone and the elongation of
the monsoon trough as the anticyclone moved
northeastward. Initially both circulations
were favorably positioned under the upper
level anticyclone. The intensification of
TD-11 was retarded because the monsoon
trough elongated, thereby restricting strong
surface inflow from the east. Further, TD-
11 did not have the advantage of a strong
mid-level steering current and was thus
unable to maintain its favorable pusition
with respect to the upper level anticyclone.
This resulted in an increased vertical wind
shear and eventual dissipation.

was able to mature into a significant tropi-
cal cyclone.

Phyllis initially tracked northward at
11 kt (20 km/hr) and intensified slowly. h
interesting feature in the vertical struc-
ture of Phyllis after she attained tropical
storm intensity was that the convection
was mostly limited to the eastern periphery
‘f her circulation center, (Fig. 3-12-1).
Typically, this is suggestive of the cyclone
having a tilted vertical axis.

The convective activity decreased as
Phyllis advanced northward toward colder
water and encountered increased vertical
wind shear. By 0418002.Phyllis beaan to

Phyllis, on the other hand, was able to weaken rapidly and the final warning was
maintain a favorable position with respect issued. The remnants of Phyllis continued
to the anticyclone aloft. Located within to track northwestward and later merged with

the monsoon trough and exposed to strong an extratropical low pressure system off

surface inflow in three quadrants, Phyllis the east coast of Japan.

FIGURE 3-12-1. The exposedf.owlevelcitda.tion
CULWL o{ Ph@LiA on 3 Augub.t1981,04102. The
convetivcac.thly .iA.!%ited-toIhe eaAto~ hct
centtio~ ticuta,llon.(NOAA7 ..imati.magq]
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TROPICAL STORM ROY (13)

Tropical Storm
warm water east of
few days of Auqust.

Roy was spawned in the
Vietnam during the first
On 2 Auaust, a low-

level ~irculat~on center bee~me evident from
synoptic reports in the region. For the
next two days, the disturbance tracked slow-
ly northward and on 4 August, it acquired a
noticeable central convective feature. At
0405152, a tropical cyclone formation alert
was issued and in the 13 hours which follow-
ed, the disturbance was upgraded to Tropical
Depression 13 (0412002) and Tropical Storm
Roy (0418002). Figure 3-13-01 shows the
disturbance on infrared satellite imagery
at the time the decision to upgrade to warn-
ing status was made.

For the next 36 hours, Roy slowly inten-
sified and reached a peak intensity of 50
kt (26 m/see) on 6 August.. During this
period of intensification, the upper level
features associated with Roy began to move
west of the surface center, under the in-
fluence of a moderate mid- and upper-
tropospheric shearing current. Figure
3-13-02 shows ROY’S low-level center

F7GURE03-13-1. NOAA6 TR 041124Z AUG 81
The cwt,zatconvectivedea,tutebOVVLthe developing
T)LophuP..$tO~ Roy. Wed on .tluhimagag (041124z
Aug 81)and Aome Aynowc bkp xepohtb in tie vM-
tiy, the deti.ion.toi.bbuet.zopicat cyclone
LU?JWL@b WA made. (NOAA6 .in&umed&ag#y)

emerging from the main convective fe~ture.
From 6 August to Roy’s eventual dissipa-
tion on 9 August, the system existed as an
exposed low-level center with most of the
convection displaced well west of the low-
level center.

Roy’s track through the South China Sea
was difficult to fully anticipate. From the
beginning, Roy was expected to track slowly
towards the north-northeast then turn to a
more northwesterly heading. However, in the
initial stages, Roy moved steadily northeas~
ward. Roy’s movement appeared to be related
to the combined effects of the low-level
monsoon flow east of Roy’s center and the
general alignment with a mid-tropospheric
trough which extended southwest from Tropical
Storm Phyllis. On 6 August, however, the
mid-tropospheric trough closed-off northeast
of Roy and the system gradually turned
towards the west in response to the resetab-
lishment of the Asian high pressure ridge
over southern China. Eventually, Roy weak-
ened as a significant tropical cyclone in
the northwestern South China Sea prior to
crossing Hai-nan.

FIGURE03-13-2. NOAA6 US 052340ZAUG gl
V.&ia.2mtet.Pi,teinmge,ydotthe @.b.t tie bhOWb

Royab a pa&tiakUqexpobed low-level dmuld.ion
cetieh. (052340ZAug g]] Outingthe 24 hoti which
,jo.Plowed,Roy uwuld become @My expobed and woutd
begina gtaduutweakeningtiend. [NOAA 6 VJJuol

hag q]
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TROPICAL STORN SUSAN (14)

During the week (27 July-3 August) prior
to the formation of Tropical Storm Susan,
the monsoon trough had been well established
in the West Pacific along 20N. When Tropi-
cal Storm Phyllis developed near 26N 147E on
3 August and subsequently moved north, the
prevailing low-level southwest flow south
of 20N diverged into two channels; one con-
tinued north moving with Phyllis, while the
other pushed further east to help establish
a weak trough in the vicinity of Wake Island
(WNO 91245). Tropical Storm Susan formed in
this weak trough.

The disturbance that was to become Tro-
pical Storm Susan first appeared on satel-
lite imaqery at 062136Z as an exposed low-
level circulation approximately 60 nm (111
km) north of Wake Island (Fig. 03-14-1). At
the time, the separation of the convection
from the surface circulation, due to verti-
cal shear, suggested that only a weak dis-
turbance existed in the area. During the
early morning hours prior to this visual
satellite sighting, Wake Island had been
reporting heavy rainfall with s?uthwest
winds as high as 45 kt (23 m/see) ; however,
it was felt that these reports were more
representative of the strong convection in
the area than of the exposed surface circu-
lation. When Wake’s winds subsided during
the next several hours to only 15 kt (8
m/see) , and there was little aPParent move-
ment of the circulation center, it was deem-
ed unnecessary to immediately issue a
warning of this disturbance. Instead at
07031922, a Tropical Cyclone Formation Alert
(!CCFA)was issued with the expectation that,
providing the strong upper level flow across
the region subsided, enough convection would
develo~ around the surface circulation for a
siqniflcant tropical cyclone to form.

During the next 24 hours little changed

in the synoptic situation. Althougn new
convection had begun to develop approximate-
ly 100 to 150 nm (185 to 278 km) to the
north and east of the exposed low-level
circulation, 200 mb satellite-derived winds
over the region still indicated strong 40
kt (21 m/see) flow from the north. When the
080015Z aircraft investigative mission could
find only 20 kt (10 m/see) winds in possibly
“one of several circulations in the area”]
(992 mb sea level pressure), it was decided
to reissue the formation alert. However by
081200z, the convection on the periphery of
the surface low appeared to have strengthen-
ed while satellite imagery indicated that
the strong vertical shear had weakened
enough for an upper level anticyclone to
develop; consequently, the first warning on
Tropical Storm Susan was issued.

Initially, Susan tracked north along a
trough induced by convection left behind
from the passage of Tropical Storm Phyllis
a week earlier. Once she reached 30N 164E
at 091200Z, Susan did not recurve as origi-
nally forecast but turned toward the north-
west in response to an approaching weak cold
front. It was during this stage that Susan
reached her greatest intensity of 60 kt (31
m\sec) (Fig. 3-14-2). By 1018OOZ the
approaching frontal system weakened enough
so that Susan no longer responded to its
presence. However, cool dry air from the
remnants of this front appeared to entrain
into the circulation center and by 111200z
very little convection remained. Susan next
turned toward the west-northwest in response
to a new frontal system coming off Japan
(also increasing its convective activity).
This time, however, the frontal system did
not weaken before reaching Susan; and by
130000Z Tropical Storm Susan had become com-
pletely entrained into the front and quickly
made the transition into an extratropical
system.

F.igute3-14-1. The i- b.@eA 06 Tto@&z? %OMI
Su&zn jti.t notih o~ W& lbland at 6 Augu&t21362.
[NOAA6 utiual.imag~)

IRANOOLPH A. FIX, 1 Lt, USAF: Aerial Recon-
naissance Weather Officer (ARWO).
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F.igu,te3-14-2. TJLop.icatS-tomSwan jut ptiot.to
peak.i.ntenbi,tyon 9 Augu&tZ20tZ. Notehowtke
convect-ion&s &pLaced @m the dmddion ctiti.
A weakCO.(M@ont con be ~eenapproaching&om
the notihwat. INOAA6 .in@ned.imaqetul
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TYPHOON THAD (15)

The monsoon trough was particularly
active in mid-August, and within the 48 hour
period beginning 16 August three tropical
cyclones were spawned. Typhoon Thad, the
first of the three, was initially evident on
10 August when surface synoptic data indi-
cated a we~k circulation was embedded in the
trough near 18N 130E. The circulation was
first cited in the Significant Tropical
Weather Advisory on 15 August when satellite
imagery indicated limited outflow had deve-
loped above the surface circulation. The
outflow was initially the result of a 200 mb
ridge that had built westward over the sur-
face trough. Continued improvement in the
outflow prompted the issuance of a Tropical
Cyclone Formation Alert at 1518002. Air-
craft reconnaissance data, which located the
circulation near 19N 132E, provided the
basis for the alert area being moved north-
east and reissued at 160530z. Analysis of
160000z 200 mb synoptic data showed that an
anticyclone had developed in the ridge over
the circulation, enhancing the outflow pat-
tern necessary for further intensification
of the disturbance.

Satellite imagery eventually indicated
better organization of the system, thus the
first warning on TD-15 was issued at 161200Z;
TD-15 was initially forecast to move slowly
northward then accelerate to the northwest
as it came under the influence of easterly
winds south of the 500 mb ridge. By 170600Z
both aircraft and satellite data showed
Thad’s movement was to the northeast in
response to a weakness in a 500 mb ridge
which had developed over Japan (Fig. 3-15-1).
Forecasts of this 500 mb feature maintained
the weakness over Japan anclthe forecast
track for Thad was adjusted from northwest-
ward to northward to reflect the new steer-
ing pattern. Recurvature was expected east
of Japan.

By 180000z Thad had reached typhoon
strength and developed a ragqed eye that
remained for 80 hours (Fig. 3-15-2).

As Thad neared 30N, analysis of 500 mb
data established the likelihood that Thad
would interact with a progressing long wave
trough just south of Japan, where recurva-
ture and subsequent acceleration were ex-
pected. Post-analysis has revealed several
deficiencies in that conclusion: the trough
did move eastward over the Sea of Japan late
on 21 July; a rapidly building ridge east of
Thad caused the trough to stall northwest of
Thad; coincident with the stalling long
wave, a weak short wave moved through the
trough and caused a rapid, unforecast,
deepening. The entire trough system gener-
ated 500 mb height drops of up to 100 meters
in 12 hours. This rapid deepening, combined
with high pressure in the ridge to the east,
established an intense 500 mb pressure grad-
ient over eastern Japan with resultant wind
speeds as high as 65 kt (120 km/hr). Thad
tracked northward under the influence of the
500 mb flow, was entrained into this area of
high winds early on 22 August and acceler-
ated very rapidly to the north over eastern
Japan, rather than taking the expected
recurvature path. Thad’s speed cf advance
accelerated from 10 kt (19 km/hr) at 2200002
to 45 kt (83 km/hr) by 2300002.

Post analysis has shown Thad started a
very rapid extratropical transition near 32N
that continued as the system accelerated
along the eastern side of the trough. The
rapid acceleration, and an associated rapid
entrainment of cool dry air, completed the
transition by 231200Z, at which time satel-
lite imagery indicated Thad had merged with
the trough over the Tatar Strait and was no
longer discernible as a tropical entity.

., f .-, l’, I 1

/1>. I I

Figtie 3-15-1. 500mb bakeamtine anatybib {o%
1~12002~howingthe mujo~bynoptic{emlucebupon
whichthe fwmu.tva-tumedotecab.tw ba.bed. Wind data
tie a wmbinati.on 06 mw.konde and a.iAcIu4&tecon-
na.i.bbance data. Windbpeedbtie.inknotb.

Figuze 3-15-2. Vima.2mte.?-!.deintagetgf@om
202259Z&g tl hhotingThud at 80 knotb (41m/beC)
.intetwitg, tihhaggedqe. [NO~6U~@~9~gl
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TROPICAL STORM VANESSA (16)

Tropical Storm Vanessa developed approx-
imately 60 nm (111 km) south of Marcus Is–
land (WMO #47991) during a period of enhanc-
ed convective activity within the monsoon
trough. Despite diurnal fluctuations, the
increased convective activity was evident
on the satellite imagery of 12 August and
continued to increase over the next several
days. Furthermore, surface synoptic data
and satellite data confirmed the merger of
the monsoon trough with a pre-existing

north-south oriented trough near 170E that
had been in evidence since 7 August. This
second trough was particularly intense due
to prior passage of Tropical Storm Susan
(14). Weak circulations and minor distur–
bances were detected along the entire length
of the merged troughs and investigative
missions were flown to several of them. The
first disturbance to intensify significantly
produced Typhoon Thad (15), while 18 hours
later (1706002) the first warning was issued
on Tropical Storm Vanessa (Fig. 3-16-1).

FTGUK 3-16-7a: Active motioon.ttoughOA it appeahed
ptioh to deu+opnwnf 06 Thop.i@?.WoznihWAAU. [71
TD-15(Thad),[2) &it-ialTCFAand [3) akeawhtie
TU-16(Vaneb4a] developkd.Photoh moAa.ieu&@
conbeakiveNOAA6 paAA@ ~oa 152131Zand 152312Z,
Aug 19S1. [NOM 6 vibudtiagmgl
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An initial Tropical Cyclone Formation It is interesting to note that although
Alert (TCFA) was issued at 1505252 for a Vanessa was vertically aligned, little
circulation near 20N 149E which, in the further development took place after Vanessa
ensuing 24 hours, weakened. This TCFA was was completely free of the surface trough.
superseded by a second TCFA at 1606172 for Two factors probably contributed to non-
a circulation near 24N 155E. Re-analysis of development:
all available satellite data for the period
shows that the circulations were separate a.
entities and were related only because they
developed within the same trough. Further-
more, re-analysis also reveals that there
was a primary and a secondary circulation
present when the second TCFA was issued.
The primary circulation was totally obscured
by dense overcast and was not initially
apparent. Initial satellite fixes were
based on the partially exposed secondary
circulation. In actuality, the primary cir-
culation was located approximately 60 nm
(111 km) to the south of the satellite fixes
(Fig. 3-16-2). The troublesome secondary
circulation was no longer discernible after b.
approximately 12 hours and satellite ana-
lysts were able to locate the primary circu-
lation.

Enhanced convection and the intense
trough were the key low level features con-
tributing to the genesis of Vanessa. TWO
other contributory features were a mid-
tropospheric trough and an upper level anti-
cyclone, both of which were in positions
favorable for.tropical cyclone development.

Initially, Vanessa had outflow to
the southwest and the northeast.
The wind currents exiting the Asian
landmass split with the major cur-
rent being diverted north of the
ridge while the weaker current
passed south. This weaker southern
current was not sufficiently strong
enough to maintain the northeast
outflow channel and no other outlets
were available to connect Vanessa
to the westerlies. Thus, only
southwest outflow was maintained.

In addition to the loss of an out-
flow channel, Vanessa’s northeast-
ward progression was blocked by
strong ridging associated with a
large 500 mb anticyclone over.the
Marshall Islands. The ridge forced
Vanessa to steer due north. Since
Vanessa initially formed at a,rather
high latitude subsequent northward
movement brought her rapidly into
contact with upper level shearing
currents.

The mid-tropospheric trough approximated
the position of the surface trough. Several
circulations were embedded within this
trough, including one over the surface posi-
tion where Vanessa formed. In the upper
troposphere, an anticyclone had existed over
the area since 15 August. Vanessa, there-
fore, possessed the vertical alignment of a
mature tropical cyclone from her inception.
(Similar conditions existed during the for-
mation of Tropical Storm Phyllis (12)).

By 190000z, Vanessa was devoid of con-
vection and the extratropical transition
was completed. The completely exposed low
level circulation continued to be visible
on the satellite imagery for sometime as it
continued to track north and eventually
merged with a mid-latitude system near 40N
165E. It was finally no longer discernible.
as a separate entity by 21OOOOZ.

FIGIIRE 3-16-Z. Sa.t@?iXei.mzgezg(oh 1621OLIZ,.@
~1 &hoting.thtexpobed becona’my ticuht.ion auf
the convectiveOJLeaabocia.ted @h the developing
TO- 16 [VanUAa). (NOM 6 v.iwdtig~y)
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TROPICAI.STOW WARREN (17)

The disturbance that eventually became
Warren developed within a monsoon trough
that extended across the South China Sea on
the 14th of August. Strong vertical wind
shear, caused by northeasterly flow at the
200 mb level, inhibited development of the
circulation for the next three days. By the
17th of August the 200 mb wind field weaken-
ed, allowing upper level features to deve-
lop, surface pressures dropped below 1000mb,
and convective activity south of the distur-
bance center increased. Consequently a
Tropical Cyclone Formation Alert was issued
at 1715002.

The system was initially tracking west-
ward at 05 kt (9 km/hr) under the influence
of mid-level easterlies generated by a sta-
tionary 500 mb anticyclone positioned over
Southeast China. This anticyclone pkrsisted
throughout Warren’s life cycle and its in-
tensity changes were responsible for the
variable speed of movement (between 2 kt
(4 km/hr) and 5 kt (9 km/hr)) seen prior to
the storm striking Hai-nan Island.

By 1806002 satellite imagery showed
that Warren had developed an upper level

outflow center and the first tropical storm
warning was issued. Most of the convective
activity was located south of the surface
center as were the maximum surface winds.
Synoptic and satellite data also indicated
that Warren’s vertical axis was tilted
southward as he tracked over Hai-nan.

After passing over Hai-nan, Warren em-
erged into the Gulf of Tonkin. Warren con-
tinued to show indications of increased
organization and intensification as he
tracked over the warm water in the Gulf of
Tonkin. At 18002 on the 19th Warren reached
his maximum intensity of 45 kt (23 m/see)
while over the Gulf (Fig. 3-17-1), a typical

occurrence for most tropical cyclones that
move into the Gulf of Tonkin. During the
summer months the gulf water becomes extre-
mely warm and thus provides excellent source
of energy for transiting tropical cyclones.

Warren made landfall near Nam Dinh,
Vietnam, on the 20th of August and weakened
rapidly. The final warning on Warren was
issued at 1200Z on the 20th as it began to
dissipate over Vietnam.

FIGlfRE 3-17-1. 7fio@2d~0/utfk&WtlWi.tfl mati
btidacewid o~ 45 ti (23mfbec]pk.iok.toland@.Ll
Olj20 Auglld,O1O2Z. [NOA4 6uA@?-imuc3uuJ)
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TYPHOON AGNES (18)

In mid-August, after several weeks of
active cyclogenesis near Wake Island (WMO
91366) which spawned Tropical Storm Susan
(14) and Vanessa (16), an upper-level ridge
built over the latitudes north of the Mar-
shall Islands and further activity was sup-
pressed for several days. At 2300002, sate-
llite and upper-level wind reports showed
evidence of an upper-level trouqh building
westward from the dateline and during the
next 36 hours, a well-defined Tropical Upper
Tropospheric Trough (TUTT) cyclone developed
in the vicinity of Wake Island. This upper
cyclone induced an area of extensive, but
yet unorganized, convection southwest of the
TUTT cyclone. Gradually, as the convective
area moved westward, a weak upper-level
anticyclone became evident northeast of Guam,
Concurrently, at 2512002, the mid-tropos-

pheric winds reported from Guam became
northerly, and 12 hours later, shifted to
southeasterly as the system moved just north
of Guam. On 26 August, while a reconnais-
sance aircraft conducted the initial invest-
igation of the developing system, the 2600002
synoptic data indicaced a possible low-level
center approximately 150 nm (278 km) north-
west of Guam. Based on these data, a
Tropical Cyclone Formation Alert was issued
at 2605002 and,at 2613807Z,the investigating
aircraft located a 1006 mb surface center
215 nm (398 km) northwest of Guam. During
the subsequent period, satellite imaqery
showed improving convective organization and,
at 2618002, the first warning was issued for
Tropical Oppression 18. (Figure 3-18-1
shows TD-18 shortly after the first warning
was issued) .

FigwLt 3-Ig-1. TIop.id Vcpmubion 16 at 2622212
AUG .Locatecl360nm [667b-m]wti.t-notihuut06 Goam.
ThLA .i.maguy ~houua pou%z&ty expo~ed .Low-leuel
ticulat.ion on the notih~.i-de06 an ex,tetiiue mea
ofjconvection.(NOAA6vi&uzlimagtiy)
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At 2706002, TD-18 was upgraded to Tropi- ‘
cal Storm Agnes when aircraft reconnaissance
data showed a 994 mb sea level pressure at
the center and measured winds of 46 kt (24
m/see) at flight level (15130 ft (472 m)).
The first three warnings on Agnes (TD-18)
forecast a westward trajectory toward the
Bashi Channel, south of Taiwan. Eowever, by
271200Z, the analyses and numerical prognos-
tic series indicated that the 500 mb ridge
north of Agnes had not built, and would nOt
build as far west as originally thought.
Thus, the forecast track was changed to a
more northwestward direction toward Okinawa.

While moving toward the west-northwest and
intensifying along climatological norms,
Agnes was upgraded to a typhoon on the
2900002 warning. At 300600z, Agnes passed
90 nm (167 km) southwest of Okinawa and then
began a turn toward the north along the
western periphery of the subtropical ridge.
(Figure 3-18-2 shows Agnes south of Okinawa
with maximum winds of 85 kt (44 m/see) and
intensifying). At 31OOOOZ, .170 nm (315 km)
northwest of Okinawa, Agnes reached a peak
intensity of 95 kt (49 m/see) which was
maintained for 12 hours then, after 3112002,
all available data indicated that Agnes had
begun a weakening trend.

F.igu,zc 3-18-2. TyphoonAgnti [20054~7AUG],located
jl&bOuth 06 Okinawa,wi,thmaximumti 06 ~5 ti
(44mfbeC] and apptoatinghm twztium inteti~ 06

95 U (49mlbec). Agntihad developed a laxge
banding e.yewhich ihttitiagag and ai.JLOta& duta
umld bhow a.4a muchmohe compact cewtml dea.tu.ze.

(NOAA7 u.i.bual..hnag~)
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Prior to 0206002 September, the forecast
scenario had anticipated Agnes would inter-
act with a mid-latitude trough south of
Korea and then accelerate northeastward.
However, ,as Agnes moved north of 30N, there
was no evidence of the anticipated accelera-
tion; instead, there was increasing evidence
that Agnes was losing much of her deep-
layered convection and a premature extra-
tropical transition was underway. (Figure
3-18-3 shows the O1OOOOZ September 200 mb
and 500 mb streamline pattern near Agnes) .
As Figure 3-18-3 indicates, there were
significant opposing mid– and upper-level
currents over Agnes and by 01C900Z, satel-
lite imagery showed the last evidence of an
uPPer-level circUlatlOn pattern over Agnes.
In post-analysis it was determined that Agnes
had lost much of her tropical characteristics
by 0118002. However, since there were no
aircraft or synoptic data close to Agnes to
confirm this apparent transition, warnings
were maintained until 0306002 at which time

synoptic data from Jeju-Oo (WMO 47184) con-
firmed Agnes’ character and that the threat
as a significant tropical cyclone to Korea
and Japan had passed. Although the system
remained well south of Korea until 3 Septem-
ber, much of the southern portion of South
Korea was being inundated with the heaviest
recorded rainfalls in this century, up to
28 inches (approximately 71 cm). This ad-
verse weather preceded the low-level center
as the heavy rains and thunderstorms were
sheared northeastward over Korea. Because
most of the earlier forecasts had predicted
Agnes moving over this region by this time,
much of the potential damage from these
rains may have been averted by the precau-
tions taken well before the heavy rainfalls
and flooding began. Finally, as a relative-
ly weak wind system, the extratropical
remains of Agnes passed through the Korea
Straits and into the Sea of Japan on 3 and
4 September without any known reports of
significant wind or sea damage in the region,

F.iglule3-18-3. At 010000ZSEP,TgphoonAgnehWUA
ZmaXed neah30.2N123.2Ew(thmuxinumw.i.ndho~ 85 &
(44mfhec). HowevM, a AZ%Ong200 mb &Low o~ 4010
50 H [21 h 31 mjhec) UM.A evident ovez the 500 mb
CL4edAti.on.ThiApoa%m.n,a.tteadg unde,tatuj~0.1 24
how, continueddotthe next 36 how akting which
AgnehZo&Zha fiopicd cha.tacten,&t&Aand weakened
.toawuzk extzaa%opica.t cyclone.
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TYPHOON BILL (19)

Without the benefit of satellite data
Typhoon Bill may have gone undetected since
the initial disturbance formed 295 nm (546
km) east-southeast of Marcus Island (WMO
47991) and only came within 120 nm (222 km)
of that island at 06002 on 3 September. The
disturbance was never discernible in the
synoptic data observations from Marcus Is-
land.

Bill remained a compact system through-
out its duration. Figures 3-19-1 thru 3-19-4
illustrate the life cycle of Bill from a time
near the first warning until its final hours.

The steering for Bill was provided by the
flow around the mid-tropospheric sub-tropical
anticyclone to the east. Speed of advance
(SOA) forecasts were particularly good during
the period of Bill’s recurvature and eventual
extratropical transition when Bill gradually
entrained into the mid-latitude mid- and
upper-level westerlies. Using a method deve-
loped by Burroughs and Brand (1973), opera-
tional SOA forecasts were extremely close to
the post-storm analysis values.

Unlike larger storms which tend to create
their own environment and move sub-tropical

systems out of their way, Bill reacted to the
environment and maintained a tight gradient
between himself and the anticyclone until he
was north of 28N at 0512002, where weakening
began. Once this occurred, the maximum ob-
served wind speeds correlated quite well with
the wind/pressure relationship of Atkinson
and Holliday until-extratropical transition
occurred.

First detected at O1OOOOZ September,
Bill’s convection covered a small area,
approximately 150 nm (278 km) in diameter,
and had an associated small mid-level cy-
clonic circulation. This mid-level system
slowly built down to the surface and then
deepened rapidly. Environmental pressures
were generally near 1009 mb; however, air-
craft reconnaissance at 030807Z found a
993 mb central pressure and winds of 70 kt
(36 m/see) northeast ~f the center. The
Atkinson and Holliday (1977) wind/pressure
relationship indicates that a 993 mb central
pressure would support a mean maximum wind
of 45 kt (23 m/see) . The higher wind speed
in Bill was the result of an extremely
tight pressure gradient between the storm
and a subtropical ridge to the northeast.

HGURE 3-19-1. ,TJLoP.id ~OMl ~fi &t 50 & (26
m/AtC) hI-@I.A.Lty, 3 .Sap.temba1981,16052. Th.iA
-imqI‘W dfzow-tti 8.i.UWA a compact 4 ybtem in the
&V&y btigti . (NOAA7.int(wadhwwl
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FIGURE3-19-2, TgphoonW at g5 & [44m/bat}
i.nfenbi.tg,5 Sep.temba19gl,17242. Th.ib&gag
AonM &W al peak intendtg kaA mnwined a compact
b!i~~~. (NOM 7 .@uvwd .imugcty]
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FIGURE 3-19-3. Typhoon Bi4Y d 75 k.t (39 mlAec)
.in&v@ty, 6 Septembu 79gl,,042gZ. fkteRi.Uti
begintigto etin coLdCWL &com.tht&Lon.talAy&tt?M
to -thenow%. (NOAA 7 ViAUd ti9WY]

FIGURE 3-19-4. ThoP.&a2 .%tOIJll &i-t-t at 40 kt [20
rnf~ec].intw~, 7 Septembw 1981,0416Z. Tti
*W bhovJd - jubi ptioh z% the ibhuanceo~ the
Ra&twtn.i.ngand the extIw.&op.&aZ tititionlng .iA

almo~~ comple-te. [NOM 7 viwd .inuge-fey]
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TYPHOON CLARA (20)

Clara was first detected on satellite under the upper level trough and further
imagery at 16002, 11 September near Ponape development was not evident based on satel-
as an area of concentrated convection embed- lite imagery during 13-14 September. How-
ded within the monsoon trough. No develop- ever, near the end of the initial 24 hour
ment was noted during the next two days as period, convection flared up and the distur-
the disturbance tracked westward at 9 kt bance began moving west of the trough so the
(16 km/hr). TCFA was re-issued at 1419232.

A Tropical Upper Tropospheric Trough
(TUTT) had been evident on the satellite
imagery and was analyzed from synoptic data
on the 200 mb streamline analysis northwest
of Guam for several days. This feature had
induced a large area of upper level diver-
gence in the vicinity of the disturbance
while some troughing and vertical wind shear
were induced by a second TUTT cell analyzed
to the northeast of the disturbance. The
relative position of the disturbance to the
upper level feature prevented significant
development by restricting available outflow
channels.

As Clara continued westward and moved
past the trough axis it became apparent that
the potential for significant development
would increase as it moved into the upper
level divergent area induced by the TUTT
northwest of Guam. Satellite imagery at
1318002 showed increased convection and or-
ganization while synoptic re~rts indicated
surface winds of 15 kt (8 m/see) near the
center of the convection. As a result a
Tropical Cyclone Formation Alert (TCFA) was
issued at 131935Z.

During the next 24 hours Clara rerained

After passing about 210 nm (389 km)
south of Guam, slow but steady intensifica-
tion took place as a 200 mb anticyclone
became evident over the disturbance based on
streamline analysis on 15 September. The
first warning was issued at 150600Z with a
straight westerly forecast track based on
the 500 mb steering flow induced by a mid-
tropospheric ridge north of Clara. Clara
continued to track west-northwest and at-
tained tropical storm intensity by 161800z.

The warnings issued between 15 and 18
September continued to forecast Clara to
take a westward track to eventually cross
Luzon while, in fact, Clara was moving west-
northwest. The forecast reasoning appeared
sound based upon synoptic analyses that de-
picted a large sub-tropical ridge to the
north of Taiwan, producing a strong easterly
500 mb steering flow over Clara. However,
streamline analysis of the 500 mb chart on
the 18th showed a weakness in the ridge west
of Taiwan with a second anticyclone over
southeast China. As a result of this new
analysis, future forecast tracks steered
Clara towards the break in the ridge with
eventual recurvature west of Taiwan in res-
ponse to the deepening trough moving into
southeast China.

F.@uxe 3-20-1. Typhoon c.&AJzo.t 0521z, ~9 Sep@nba
1981,&t ]75kt [5gm/Aec],16 how btdote Mobbing
the notihm tip o~ Luzon. [NOM 7 vhua.t.imsgtiy]
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During this same period Clara had in-
tensified rapidly as she attained her maxi-
mum surface winds of 120 kt (60 m/see) six
hours prior to crossing the northern tip of
Luzon at 1922002 (Figures 3-20-1 and 3-20-2).
Upon entering the South China Sea it became
apparent that Clara was not going to recurve
because the anticyclone over southeast China

had moved northeast displacing the weakness
west of Taiwan and preventing recurvature
to the north. Clara responded to these
changes and remained on a northwest track
making landfall 140 nm (259 km) east-north-
east of Hong Kong at 2120002. After making
landfall Clara dissipated rapidly as she
accelerated inland into hilly terrain.

Fi.gaht 3-20-2. TgphoonC&aIUZat J937Z,20 Sqztembu
1981,a-t85 kt 143m/bi?C], aboti 24 h~ UIWL
cnoA&Lngthe nozthehntip o~ Luzon and appZoti’@

3.50 nm (657 km) no-t oi Ma. (~o~ 7

-i.@uvceri .imagwg)
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Clara was a devastating storm as she caused extensive damage to property and
crossed northern Luzon causing widespread crops. A Philippine Navy destroyer and a

damage and loss of life in eight northern cargo ship sank 330 nm (661 km) north of
Luzon provinces. Torrential rains caused Manila leaving 68 persons missing (Fig.
floods which left thousands homeless and 3-20-3).

F.LgwLe3-20-3. U. S. Navy pex.bonn~Me 4een on
boatd-thePh.i.iXppkneNavy Ve-btzoqat Va.tuKalan.@auJ
dwing tcmve,tq opez.atinnb. ThedcMtogm w
&onecd aground on Calaganlbhmi by Tgphoon Cta.ta.
(U. S. May Photo bg PH2 P. ?3.Soutatl
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TYPHOON LKIYLE (21)

Typhoon Doyle was the second midget
storm of the 1981 season and followed (Ty-
phoon Bill (19), the first of the midget
storms) by less than three weeks. Lbyle
and Bill were very similar in size, inten-
sity and track. Doyle was also unusual in
that all of the warnings were based on
satellite imagery analysis.

Doyle was first detected as an apparent
mid-to-upper-level disturbance early on 18
September near 25N 178E. The disturbance
built down to the surface as it drifted
westward at 8 kt (15 km/hr). A Tropical
Cyclone Formation Alert was issued at
1906002 when low-level cumulus banding
became apparent on satellite imagery. The
first warning was issued at 2006002 based

upon Dvorak analysis of visual satellite
data which indicated that Tropical Storm
Doyle had an estimated intensity of 35 kt
(18 m/see).

Doyle initially tracked west-northwest
then recurved around a mid-tropospheric
anticyclone. As Doyle recurved he became
entrained in strong westerlies and accele-
rated rapidly northeastward. Doyle then
started to weaken over the cooler waters
north of 30N, finally losing tropical char-
acteristics near 3SJN 172E when the system
merged with an existing front. Typhoon
Doyle was never larger than 180 nm {333 km)
in diameter, even though the maximum inten-
sity was 80 kt (41 m/see) (Fig. 3-21–1).
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SUPER TYPHOON ELSIE (22)

Following the northward progression of
Typhoons Clara (20) and Doyle (21), the near
equatorial trough became very weak and dif-
fuse with very few areas of concentrated
convection during 19 and 20 September 1981.
By 2106OOZ two areas of significant convec-
tion, one near 10N 170E and the other near
5N 155E, signaled the re-establishment of
substantial activity. The signal, however,
appeared to be false, as convection along
the trough dropped dramatically during the
subsequent twenty-four hours. One small
convective area, approximately one degree in
diameter, remained near 8N 150E at 2206002
and surface/gradient level wind data at
2200002 identified a weak but well defined
associated circulation. At 2307002 an ini-
tial Tropical Cyclone Formation Alert (TCFA)

was issued for this convective area follow-
ing further definition of the disturbance by
satellite data which showed a fairly well
organized upper-level anticyclone (ULAC)
located above the low-level circulation.
This action was taken despite the failure of
aircraft reconnaissance to find anything
significant. A second TCFA was issued at
2407002,following a more successful aircraft
reconnaissance mission which did locate the
low–level circulation. Continued improvement
of the satellite image, supported by the
aircraft findings, culminated in the issuance
of the first warning on TO-22 at 241800z.

In retrospect, Elsie (Fig. 3-22-1) was a
very well behaved cyclone. The major pro-

Fi.gwce 3-22-1. Tti 2805202m.te2.&iXephoto hhouu
SupeJL Typhoon E.X.ejuAta&timac!aing a peakin-
tatitiy0{ J50k.t(77mlhecl, At .thd .Z.ime ECb.te
WA Located 615nm [1139km]wut-not.tkwtit06 Guam.
{NOAA7 VibU.dti’@
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blem faced by JTWC was one of timing the luate each segment of the track, the apparent
significant segments (Fig. 3-22-2) of Elsie’s
track,

forecast reasoning at the time, and the per-
each of which represents a different formance of the one way interactive tropical

response to the surrounding environment. The
aPproach of this discussion will be to eva-

c’yclonemodel (OTCM) in predicting progres-
sion into the next segment.
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Segment #1 (2418002 - 261800z Sep 81):
During this period, which begins with the
issuance of the first warning, the JTWC 500
mb analysis placed the subtropical ridge
axis between 20N and 23N with no breaks along
Elsie’s predicted track. Analysis from Fleet
Numerical Oceanography Center (FNOC) agreed
on the placement of major 500 mb synoptic
scale features. FNOC’S 500 mb forecast built
the ridge and the resultant OTCM predicted a
west-northwest track. JTWC continued this
forecast trend through warning No. 9, issued
at 261800Z.

Prognostic reasoning bulletins were call-
ing for an eventual shift toward a more
northward track, however timing was the big
factor. JTWC’S analysis showed the building
of the ridge; aircraft reconnaissance tracks
north of Elsie continued to yield support to
the JTWC forecast. FNOC’S forecast did pre-
dict movement of a major 500 mb trough east-
ward over Japan. Height falls associated
with this trough showed up on JTWC analysis
at 2600002, coincident with the appearance
of a break in the ridge near 20N 135E, a
position northwest of Elsie’s 500 mb cyclone.
The break was most likely induced by the
trough to the north and the presence of Elsie
to the south of the ridge.

Interestingly, the OTCM made its first
change in track at 2612002 by suggesting a
more northwestward track. By 2618002 the
OTCM had definitely locked into a northwest
track, however, it was not until warning
No. 13, at 2718002, that JTWC’S warnings re-
linquished west-northwest movement for the
more northwestward track shown by the OTCM.

Segment #2 (2700002 - 301200z): FNOC
and JTWC analysis of 500 mb data, and sup-
port from aircraft reconnaissance, continued
to confirm the break in the ridge, which was
fostered by the deep trough over Japan and
Elsie’s enlarging 500 mb circulation. Re-
sponding to this induced trough, Elsie began
to track north-northwest for a period of 48

hours. JTWC forecasts through this segment
of Elsie’s life not only predicted the move-
ment trend well but also predicted transi-
tion into the next segment of Elsie’s track,
the recurve.

Warning No. 16, issued at 2812002, re-
presented the first warning that truly fits
the segment 2 profile and predicted the
change of track to segment 3. FNOC analysis
and forecasts, as well as the JTWC analysis,
defined the synoptic pattern extremely well,
such that the JTWC forecasts were very con-
sistent in their call for recurvature.
Post-analysis has shown that in anticipating
a recurve, JTWC’S forecasts were conserva-
tive when compared with the OTCM and the
actual storm best track. The conservatism
of JTWC was based on the belief that the
weak 500 mb winds (15-20 kt (8-10 m/see))
south of Japan would allow Elsie to pene-
trate further north before encountering
westerlies sufficiently strong enough to
cause deflection northeastward. FNOC fore-
casts also showed no major trough movement
at 500 mb that might lend support to any
other forecast track. In fact, FNOC fore-
casts generally favored development of a
zonal flow over Southern Japan. OTCM fore-

casts also drove Elsie northward toward
Japan.

FNOC forecasts of a trough moving east-
ward off Asia did not indicate deepening,
thus the most representative forecast was
toward Japan. However, significant deepen-
ing did occur; the OTCM forecast for 3006002
Sep (Warning No. 23) was the initial indi-
cator of this influence on the forecast
track. JTWC’S forecasts had predicted the
recurve all along, but now began to converge
on a tighter recurve pattern and finally
stablized, by warning No. 25, at 301800Z
Sep.

Segment #3 (3018002 - 0205002 Ott 81):
This portion of the storm track began with
Elsie accelerating rapidly northeastward and
ended with extratropical transition. The
FNOC forecasts, once they picked up the
trough, deepened it significantly, as analy-
ses at JTWC and FNOC eventually bore out.
Elsie accelerated up the leading edge of the
trough and by 0206002 had transitioned into
an extratropical system. It is instructive
to note that not until warning No. 30,
issued at 0200002, did JTWC make its final
track change and forecast the disturbance to
move north-northeast, up the back of the
ridge. The OTCM had predicted this track
some twelve hours earlier at 0112002.

JTWC warnings up to warning No. 30 con-
tinued with the northeast track thus sending
the system through the ridge. The JTWC
warnings that continued to forecast eastward
movement did have sound basis, since Elsieis
movement as indicated from satellite and
aircraft data continued to be northeast.
This movement also placed Elsie within a
steering regime that, based upon 500 mb
analysis and forecast, should have kept Elsie
moving northeast. The problem was the result
of sound forecast logic based upon a faulty
prognostic chart series. The 500 mb forecast
series failed to adequately handle an ad-
vancing trough and the rapid building of the
ridge ahead of Elsie. Once these forecasts
began to reflect the changes, the JTWC fore-
caster was faced with making a decision based
upon two significantly different 500 mb pat-
terns. The first was the consistency of the
longer established forecast trend, with its
near zonal pattern, and the second was the
rather abrupt change to this pattern which
was first suggested in the 36 hour 500 mb
forecasts valid at 0212002. The apparent
radical change in 500 mb steering caused by
the sudden deepening of the trough and ampli-
fication of the ridge was not “bought” by the
Typhoon Duty Officer, the OTCM did however
“buy“ the change by 0112002. This final
track predicted by the OTCM was followed by
Elsie through her extratropical transition
and subsequent merger with mid-latitude,
migrating systems.

The OTCM handled the final segment of
Elsie’s life quite well just as it did with
the earlier stages. In summary, this single
case study indicates that for this particu-
lar cyclone, the OTCM appeared to “sense”
the environmental changes to which Elsie
responded from 12-24 hours prior to them
being reflected in the JTWC forecast.
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TROPICAL STORN FASIAN (23)

On 6 October, satellite imagery indica-
ted an area of active, but unorganized,
convection northeast of the Palau Islands.
During the 5 days that followed, the convec-
tive system moved westward and remained
unorganized until just prior to making land-
fall on Samar Island. As it tracked over
Samar, Cebu, Negros and Panay Islands, the
disturbance lost much of what little convec-
tive organization it did have, however
during this period, the affected central
Philippine Islands reported torrential rain-
fall and flooding, although surface reports
showed virtually no low-level wind circula-
tion. When the disturbance entered the
Sulu and South China Seas, it once again
showed signs of reorganizing and at 1211OOZ,
a Tropical Cyclone Formation Alert was
issued.

As it traversed the South China Sea, the
disturbance continued to develop although
available surface observations showed small
pressure falls near the system. Reconnais-
sance aircraft at 1306002 reported a 1002 mb
center pressure and a closed circulation,
prompting the first warning for Tropical
Depression 23. Subsequent satellite imagery
showed continued convective organization
and at 1312002, TD-23 was upgraded to
Tropical Storm Fabian. The storm continued
to intensify during the next 12 hours,
reaching a maximum intensity of 45 kt (23
m/see) at 1400002. Figure 3-23-1 shows
Fabian while at maximum intensity and 9
hours prior to making landfall just south of
Cam Ranh Bay, Vietnam. As Fabian moved into
Vietnam, surface winds weakened rapidly and
by 15 October, the system could no longer
be detected from synoptic reports or on
satellite imagery.

F.@w 3-23-1. FOWLdayba,$tem.initiddetection,
Twpi.ca.tStomnFabian.iAlocated100nm (lg5km] WAX
06 Cam RuthBag,V.&Xnam,LIZa peak.in.tenbitg06 45
6X (z3m/~ec]on-thd 140005zVtcembtimMW.te
&a9L. (NOAA6 vimidimagwyl
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TYPHOON GAY (24)

Typhoon Gay was a harbinger of good
tidings for the island of Okinawa, providing
5.89 inches (14.96 cm) of rain as she passed
some 95 nm (176 km) to the southeast.
Locked in a severe drought, Okinawa resi-
dents had been suffering under strict water
rationing.

From its inception within an abnormally

large convective area Gay was far from a
straight forward system. Early satellite
fixes were very unreliable, resulting in the
vectoring of aircraft reconnaissance to the
wrong portion of the convective area. Post-
analysis has shown the actual “center” of
the developing system was far to the west-
southwest of where it was believed to be.
Figure 3-24-1 shows the system shortly after
initial warning.

Figute3-24-1. TKopicaL Vepmmion 24 (Gay],14
Oc.tob~1981,16142. At.t/dtie -the i.nLt@2
-g &h utti 06 30 M [15mldecl had been
.ihbucd. The Ag&tem w qu.istig upgmuied to .ttop-kat
M2ulJn &ta.tlLA. The ci.zcutktton cent~ wcu apptoti-
ma-te.Q 100 nm (1~5km} eab.to~ Guam. [NOAA7
in@zted i.magety)
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As Gay became better organized she be-
came somewhat more predictable, with a
forecast for a generally westward track and
for an eventual recurvature around the west
side of the prevailing mid-tropospheric
anticyclone. Figure 3-24-2 shows Gay
during a period when she took the slight
southwest jog and loop shown on the best
track in response to an eastward building

anticyclone upstream from Gay’s location.

Typhoon Gay remained a fickle system
urtil reaching maximum intensity (Fig.
3-24-3) when a large eye finally developed.
Until this timer the center of Gay was
characterized by an unusually large area of
light and variable winds, further contri-
buting to the problems of accurate location.

Fi.gwLe 3-24-2. Tho@d.%ohltl&Uj, 17 Octobe)c 1981,
0503z when bhe began the &igh.t bouthweduwd mowe-
metat and even.tmUy looped. (NOAA 7 V.LMRL tigw)

Fi.gute3-24-3. Typhoon(%MJ,20 Octobti1981,O61OZ
atmztium.intenbi.tgod95k.f[49mfhecl, .bcated

;P&-@7’ 420 ~ f 778 fun] U.5t-houthewt 06
[NOAA 7 U.dld -&K@tg)
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Following recurvature and passage to the
east of Okinawa (Fig. 3-24-4), Gay continued
around the western side of the mid-Pacific
anticyclone and accelerated toward Japan.
Eventually passing within 30 nm (56 km) of
Tokyo, Gay brought extensive rainfall to
the central regions of Japan. Yokosuka
Naval Facility reported peak gusts of 60 kt

(31 m/see) and 9.38 inches (23.8 cm) of
rain over the 24 hour period of Gay’s
passage.

A low pressure system north of Japan
rapidly drew Gay northward and quickly
initiated an extratropical transition with
Gay merging completely with the existing
low center.

Figu.m?3-24-4. Typhoon Gag, 23 ktobeh 1981, 0559z
bheaking Xhe &tough% on W&uuoa; cwtIvLoca.tLon h
borne 120 nm { 1t5 km] eat-~outhea.t 06 the .Mand.
(NOAA7 u.i.wa.timagtig)
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TYPHOON

Following two weeks with no tropical
cyclone activity in the northwest Pacific, a
disturbance associated with enhanced convec-
tion began to develop in an,elongated trough
east of Guam. At 1223472, November a Tropi-
cal Cyclone Formation Alert (TCFA) was
issued as the system’s circulation pattern
improved and an increase in convection was
evident from satellite imagery.

Aircraft reconnaissance on 13 November
was not able to close off a circulation, but
the convective features and the satellite
signature remained strong, so the TCFA was
reissued. Aircraft reconnaissance data at
1400002 found a closed circulation with maxi-
mum surface winds of 35 kt (18 m/see), thus
the disturbance became Tropical Depression
25, with the first warning being issued at
1402002. Aircraft reconnaissance later that
evening reported the surface pressure had
dropped to 990 mb, prompting upgrading to
Tropical Storm Hazen with estimated maximum
winds of 40 kt (20 m/see) . Satellite imagery
at this time showed the development of an
intense, 150 nm (278 km) diameter, convective

HAZEN (25)

mass.

Forecasts during the early stages of
Hazen”s rapid development predicted movement
to the west-northwest at 7 kt (13 km/hr) in
response to weak steering flow in the mid-
troposphere. Hazen was expected to become
entrained into a frontal boundary associated
with a strong mid-latitude low pressure sy-
stem east of Japan. However, this did not
occur; the front weakened and moved to the
east. A mid-tropospheric ridge began build-
ing behind the front, causing Hazen to take
a westward jog and eventually forcing a
southwest track as the ridge intensified
north of the storm.

Tropical Storm Hazen’s southwestward
path took it over the northern tip of
Saipan between 1503002 and 1506002 (Fig.
3-25-l). Maximum sustained~winds of 35 kt
(17 m/see) with gusts to 62 kt (31 m/see)
were reported by the Saipan weather office.
Minor structural damage and many downed
trees and ~wer lines were reported.

F.igu,te 3-25-1. TRop.iu2Stomn Hazen at 55 I&t (2S
m/~ec) hkn.&&j 110 nm (204 km) notiheat 06 Guom
~ho~ a{tu tiok.ng Saipan, 1504302 Novemba.
(NOAA 7 vhtdlmaguyl



Hazen then passed 60 nm (111 km) north
of Guam at 151200z and began a more westerly
movement. Winds near the center were esti-
mated to be 55 kt (28 m/see) at this time
but only the weaker southern quadrants passed
over Guam, where winds of 15 kt (8 m/see)
were reported with some heavy showers. These
synoptic reports provided verification that
Hazen was a very compact storm with winds
of over 30 kt (15 m/see) extending no more
than 30 nm (56 km) from the center.

Hazen was upgraded to typhoon strength

at 151800Z, 3 hours before aircraft recon-
naissance reported surface pressures of 957
mb and estimated surface winds of 90 kt (45
m/see) . After passing Guam, Hazen rapidly
intensified to his maximum intensity of 100
kt (50 m/see) as it followed the more west-
ward track. Early on 17 November Hazen be-
gan to interact with a mid-latitude trough
and was drawn northwestward into an area of
increased vertical wind shear. Hazen weaken-
ed as the upper-level outflow channels to
the north diminished. As the trough passed
to the east, Hazen resumed westerly movement
and reintensified (Fig. 3-25-2).

Fi.guu 3-25-2. Typhoon Hazcn a.t 85 k.t”(43/Ace)
.&&n&i@ 640 nm (11~5 h] wed o~ Ciuun. itazen4X
~een hate intmting wi.ih the tiough tha,t euen-
&z.Uy weakened Ifazento .thopi.col &Zomn btiength,
1705492 Novembu. [NOAA 7 v.AaLimagtiyl
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As Hazen approached the Philippines a
S1OW weakening occurred as part of his cir.
culation was interrupted by the mountainous
terrain of the islands south of Luzon.
Hazen passed just south of Catanduanes
Island (WMO 98447) at 1912002 (Fig. 3-25-3)
and entered the South China Sea 18 hours
later. Highest recorded winds were 65 kt
(33 m/see) at Catanduanes Island. As Hazen
entered the South China Sea no intensifica-
tion occurred over the warm water due in

part to the severe interactions between the
low-level circulation and the mountainous
terrain of southern Luzon; the loss of
strength just could not be overcome. Hazen
continued to weaken as he tracked toward
Hanoi guided by a weakness in the 500 mb
ridge that was evident upon the 2112002
streamline analysis. Hazen continued to
move toward the weakness, eventually making
landfall 150 nm (278 km) east-northeast of
Hanoi and then dissipated over the hilly
terrain of southeast China.

..

F.tgu.te 3-25-3. Tfiopi-cd stow Haz~n at 55 k-t (23
ttt/bCC] 125 nm [232 km] Aouthu$ Od W we
moving Aou.th o{ Luzon, l~~801Z Nouwb~. (NOAA 7

&lfJluZed .ima@g)
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SUPER TYPHOON IRMA (26)

Super Typhoon Irma was the second of
three tropical cyclones (Hazen(25), Irma
(26), and Jeff(27)) to form in an active
equatorial trough between 150E to 170E near
10N during the middle weeks of November.
Reaching a maximum intensity of 135 kt (69
m/see) and a minimum sea-level pressure of
902 mb, Irma was the strongest of the three
storms, and fortunately, also the best “be-
haved” and the easiest to forecast.

when the area of enhanced convection
that eventually became Typhoon Hazen formed
near 10N 165E on 10 November, a zone of
strong convective activity, located between
8N and 10N, stretched eastward from 165E to
150W. During the following week, westward
propagating cloud clusters, as referenced in
Ruprecht and Gray (1976) supported by con-
vergence in the low-level easterly flow plus
a strong upper-level divergent pattern,
could be seen forming and dissipating along
the entire zone. Throughout the period
neither the data-sparse regions east of 170E,
nor the satellite data, suggested the exis-
tence of a low-level circulation. Synoptic
data along the western periphery of the zone,
between 160E and 170E, did indicate the
possibility of several minor troughs, or
small circulations, propagating from the
east. Similar synoptic situations existed
for each of the three systems, i.e. Hazen,

Irma, and Jeff; there was also a fourth cir-
culation, detected on 12 November near 10N
161E. This latter system quickly dissipated
because of the immediate proximity of the
developing Hazen, a stronger cyclone.

The convective disturbance that spawned
Super Typhoon Irma was first mentioned in
the Significant Tropical Weather Advisory
Bulletin (AEEH PGTW) on 15 November. Synop-
tic data indicated a circulation east of
Ponape (WMO 91348) at 7N 163E and satellite
imagery showed that a westward moving cloud
cluster in the area beginning to develop an
upper-level anticyclone. However, as the
system moved north and then west during the
ensuing three days, the convection fluctua-
ted, then weakened greatly. A large clear
subsidence region which extended 600 nm
(1111 km) eastward from Typhoon Hazen seemed
to hinder any further development (as it did
for the 12 November circulation) . However,
by 181200Z Hazen had moved far enough to the
west for the convection to once again in-
crease in intensity as well as organization.
A Tropical Cyclone Formation Alert (TCFA)
was issued at 181641z (Fig. 3-26-l). The
following morning, an aircraft investigative
mission found a central sea-level pressure
of 1003 mb with 30 kt (15 m/see) winds and
the first warning was issued on Tropical
Depression 26 at 190000Z.

FIGURE 3-26-1. TRopicai? Dcptti&ion 26 appaoxima.tt%y
300 nm [556 km] w.t 06 L%am juZ &O%~O the @At
w. Note the good outdlom pa.tttin developing
with.tti~g~tem,1~ Novemb~, 2156Z. [NOAA 6
in~med tiga.g)
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FIGURE 3-26-2. TILop.&al ~OJIJIIhml VM?.LVLh dObLb.t

appkoack to Gum, 19 Novembti,2132.Z.Th& wt.enbion
o~ ctouh jub-tnohth04 l?omam abbotied with a
@onta.t by4f’2m A.&h uub uf.bo neitiz i.tb ctohtbt ap-
Paoach -to Guam. (NOAA6 v.ihualAna.g+?hy)

Tropical Storm Irma passed just north of
Guam at 1822302 (Fig. 3-26-2). Fortunately,
at this time, the storm was intensifying
very slowly and the strongest winds were
away from Guam, in the northeast quadrant.
In fact, Guam did not receive its strongest
winds until nearly 8 hours later (29 kt (15
m/see) , with gusts to 43 kt (22 rn/see), at
the Naval Air Station, Agana) when the storm
began to deepen west of Guam.

Based upon the experience gained from
Typhoon Hazen, JTWC’S initial forecast
tracks ignored the temptation to forecast
an early recurvature into an advancing front
just north of Guam. Although westerly winds
north of 20N were in excess of 60 kt (31 m/
see) and 80 kt (41 m/see) at 500 mb and 200
mb, respectively, it was deemed, that as in
the case for Hazen, the strongest westerly
winds associated with the froqt would pass
too quickly to affect the storm. Further-

more, it was predicted that the strong
northerly low-level flow beyond the front
would force the storm back on a more wester-
ly or southwesterly track. (JTWC’S forecast
errors for Super Typhoon Irma of 76, 118,
and 141 nm (141, 219, and 261 km) for 24, 48,
and 72 hours, respectively, were excellent -
nearly half the long-term mean) .

When the frontal system passed Irma and
moved off to the east, the ridge at 500 mb
built to the north and west of the storm.
This ridge persisted along 18N throughout
Irma’s track towards the Philippines. Al-
though the ridge was quite narrow and elon-
gated, it appeared to shelter Irma from the
effects of the strong westerly flow north of
20N. JTWC was able to monitor the strength
of this ridge with the aid of several 500 mb
synoptic tracks flown by the 54th Weather
Reconnaissance Squadron (Fig. 3-26-3).
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The 202254z weather reconnaissance mis-
sion found that Irma’s pressure had dropped
to 968 mb with 68 kt (25 m/see) surface
winds (85 kt (44 m/see) , 700 mb flight level
winds) and that a 40 nm (74 km) diameter eye
had developed. (In post-analysis, Irma was
upgraded to typhoon status at 201800z). By
2109OOZ, aircraft data was applied to JTNC’S
empirically derived relationship between
sea-level pressure and 700 mb equivalent
potential temperature (Dunnavan, 1981) and
suggested the potential for rapid deepening
below 925 mb within the next 12 to 36 hours.
Twenty-four hours later, the aircraft recon-
naissance mission verified this prediction
with a 905 mb minimum sea-level pressure,
low enough to qualify Irma as a Super Ty-
phoon (Fig. 3-24-4). It is interesting to
note that during the time of Irma’s greatest
deepening, another cold front had passed
approximately 500 run (926 km) to the north.
The 200 mb data indicated a 120 kt (62 m/see)
jet maximum, associated with this fast

moving front, had passed just north of Irma
(at 30N). This jet, along with a 50 kt
(26 m/see) easterly flow to the south of u
Irma supplied her with two excellent outflow
channels. Irma remained at super typhoon
strength for near 16 hours before slowly
weakening as the western half of the circu-
lation field began to interact with the
outher edges of the Philippine Islands.

Although Irma steadily weakened before
making landfall at 240900Z with 85 kt (44 m/
see) winds about 60 nm (111 km) northeast of
Manila, she still caused widespread destruc-
tion (Fig. 3-26-5). Reports from the
Philippines indicated more than 200 deaths
with hundreds injured and a damage estimate
as high as $9 million. This included the
almost total destruction of 4 coastal towns
in the province of Camarines Sur, 170 nm
(315 km) southeast of Manila, due to 50 foot
(15 m) storm surge waves and the capsizing
of a ship in Manila Bay.
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As Irma approached the Philippines, JTWC
correctly predicted that she would begin to
move in a more northwesterly direction to-
wards a break in the ridge just west of
Luzon near 20N 118E. Synoptic data over
Southeast Asia indicated the approach of a
significant trough as evidenced by southwest
winds of 70 kt (36 m/see) at 500 mb and 80
kt (41 m/see) at 200 mb occurring as far
south as 20N. These indicators seemed to
presage a situation that offered the best
opportunity for Irma to recurve.

Irma lost her typhoon strength winds at
2412002 just before entering Lingayen Gulf
and the South China Sea. Aircraft recon-
naissance ten hours later found the storm
moving north and poorly organized with
strong convection and winds only on her north
side. By 2509002, Irma’s upper-levels began
to shear towards the northeast and Irma be-
gan to recurve into the Luzon Straits in
advance of the trough moving off of Asia.
Irma managed to linger on for another two
days before finally becoming absorbed into a
cold front at 2700002 just south of the
Ryukyu Islands.
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TROPICAL STORN JEFF (27)

Tropical Storm Jeff was first detected
as a distinct surface circulation through
synoptic data analysis on 18 November. Jeff
developed from the second of two major
disturbances that formed in the wake of
Typhoon Hazen (25). The first disturbance,
Super Typhoon Irma (26) , was a determining
factor in Jeff’s development, intensity and
track.

The first warning on Jeff was issued
on 23 November. This was during the period
that Irma dominated the wind fields of the
western Pacific (21-25 NOV) . Irma’s strong
low-level inflow was the major steering
force in the early part of Jeff’s life as
he followed Irma across the Pacific (Fig.
3-27-l). Strong outflow from Irma created
an upper-level east-west ridge that stretch-
ed across the western Pacific. Because of
the expansiveness of the ridge and the small
areal extent of JeffBs convection, he was
prohibited from reachinq favorable outflow

channels.

Jeff, due mainly to a lack of upper-
level support, never intensified beyond
minimal tropical storm strength (Fig.3-27-2).
Jeff’s initial movement, as a weak di~tur-
bance, was northwest towards Guam, following
the low-level flow into Irma. Jeff reached
tropical storm strength on 23 Novemberr just
after turning west towards Guam, eventually
passing 15 nm (28 km) north of the island.
Jeff’s westward acceleration, just prior to
reaching Guam resulted from a mid-tropos-
pheric ridge that had built eastward from
Taiwan. Maintaining an intensity between 30
and 35 kt (15 to 18 m/see) , Jeff continued
westward until the forecast recurvature
through a break in the ridge occurred near
130E. Jeff dissipated over water on 26
November due to increasing upper-level wind
shear. The final warning was issued when
aircraft reconnaissance could no longer dis-
cern a surface circulation.

I I .
. I

FIGURE 3-27-1. .Wz{ace (~)/gMti@ (=1
Leu&L &tiea.mL.ine andy&i.6 ~ok 230000Z NOV bhOW@ z%c

&wJ-&ue+3 I$LOW into SupeA Typhoon Dvna. Th.iA ~low

pa2tanacXed aA&w+kveLbteaing iohk~d.

~.;,:.:,:,
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FIGURE 3-27-i?. 200 m b.tteUn&h? Wldtfb.d d 2212002
Nouembti. No&?-the bmadtigeac.to~h a%ewtitexn
Pad&ic. Wind data axe a combination Wonde,
AlREPS, anddczte.U.LZe dtivedwti [~ ].
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TYPHOON KIT (28)

Typhoon Kit was unlike most December
tropical cyclones in that it had a prolonged
lifetime (40 warnings) and attained a maxi-
mum intensity well over 100 kt (51 m/see).
Kit’s origin was not uncommon for late season
tropical cyclones; during early Oecember, the
winter near-equatorial trough had established
itself south of 10N as the tradewind easter-
lies merged with northeasterlies from higher
latitudes placing the westernmost extension
of the trough in the Philippine Sea. East-
ward, lighter winds were observed turning
cyclonically within the trough and, as early
as 4 December, surface analyses suggested a
possible low-level center developing south-
west of Ponape (WMO 91348). on 7 Eecembex,
the Significant Tropical Weather Advisory
(AEEH PGTW) discussed an area of disturbed
weather southwest of Truk Atoll (WMO 91334),
but the associated convective pattern and
observational data were not conducive to
further action for another two days. At
091930z, based primarily upon the improved

convective organization as revealed on
satellite imagery, the first of three Tropi-
cal Cyclone Formation Alerts was issued.

On 10 December, a reconnaissance aircraft
conducted an investigation in the we’stern
periphery of the trough and the opportunity
to close off a circulation center was lost.
Satellite data (Fig. 3-28-1) and subsequent
aircraft reports suggest that the center
existed just east of the area investigated.
At 101845Z, a formation alert was reissued
for the same general area. Later satellite
data and aircraft observations indicated
that the center had moved northward, thus
at 102325z the third formation alert was
issued. Reconnaissance aircraft finally
closed off a circulation center near 10N 148E
(110348Z) and at 110443Z, the first warning’
on Tropical Depression 28 was issued (Fig.
3-28-2). The 111200z warning upgraded TD-28
to Tropical Storm Kit based on aircarft data
(l10723Z) which indicated tropical storm
strength winds in all four quadrants.

F.QuILe 3-28-.1. Ative cmve~nmuwwd a
developing kho-&evet cen.tu. W@ W pw.iod, a
Z.SQOtibSnU ainaadtinveb.ti.ga.ted Zhewtanmoht

a..tea but did not @ash the convective cen.tm u de-
picted on &zteL&Lteimagvy, 1004432 Vewmbm. (NOAA
7 Vi.mat.inlagety}

Figuh,e 3-28-2. Tkop.LcaLUepta&&m 28 at.thetimeof
tie &0L4.t&ng. Note the extended CiJLJUU C&X&
on theuti.teznhide. SiX.onguppet-tevet ea4.telXia3
UWU.U cotie to ewi.t comZ&x.abLe P.vahme on
TV-28 [W} dot anothel 2 1/2dagh. TM,, mob.t o~

the abbo~ed convection w &placed in tic
webte,tnalo-.il@ui4o~ the &cuLatiOn, 1I0430Z
Vecembm. (NOAA 7vi.Aua.t.imagwyj
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The initial warnings indicated that Kit
would track slowly north-northwestward until
approaching 12N then, as the system inter-
acted with mid- and low-level easterlies, a
more westward track was anticipated taking
Kit just south of Guam. Although Kit main-
tained the forecast track, the speed of move-
ment remained at or below 4 kt (7 km/hr) for
the first 30 hours of warning status. Having
not fully anticipated the exceptionally pro-
longed slow speed, all reconnaissance air-
craft were evacuated to Clark AB after the
120849Z fix to avoid the expected destructive
winds on Guam. As a result, warnings issued
during the ensuing 25 hours were based en-
tirely on satellite data. Howeverr during
this stage of development, Kit was not well-
aligned in the vertical and the main convec-
tive mass was displaced to the west of the
low-level center. Thus, nighttime infrared
imagery had to be scrutinized for subtle de-
tails which could help locate the low-level
center. Figure 3-28-3 is typical o% the

nighttime infrared imagery used to fix Kit
during this period. Thanks to the efforts
of satellite operations personnel from Det-
achment 1, lWW, Nimitz Hill, Guam, the fixes
received during this period were highly
accurate (never more than 15 nm (28 km) from
the final best track) and the warnings issued
from this data followed Kit closely as she
finally accelerated on a west-northwest track
south of Guam.

Just after Kit passed south of Guam,
reconnaissance aircraft indicated a central
pressure of 992 mbs which revealed that no
appreciable development had taken place
during the 25 hour period between aircraft
penetrations. However, during the two days
that followed, Kit intensified and reached a
peak of 105 kt (54 m/see) before weakening
slightly to 95 kt (49 m/see) at 160600z.
Figure 3-28-4 shows Kit early in this inten-
sification period. During this period of

Figlule 3-28-3. In@vuzd inw.gehywhich~howhTaop.ical
StofvJI ~’b &vcge conwmtiveWbb, howeveh,the
@&~=:hadeA on the eabteknAidehhcwlowm

. lltL&.&gthebeda.ta, V& 1, lkW
bddkli.te andgb.t.b ptov.ided acwra.te @eb &g a
t%n~t~ptid wtihou,t a-i.t&’@t $i%ti , 1210032

. (NOA4 6 .i.@med .imagvyl
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F’igwLe 3-2,%-4. An .inten&i&@? Typhoon U, .&ma-ted
165 nm (306 km] wed 06 Guam. Note ihe textiited
Ctoud pat.t.vwl. O&ten he&?A.ted to ab ghavitg u&vu,
.thae &atJ.uLeA ate daequenttg beenin @&f.2y deve-
l.op-ing .tzop.icd cqetoneb &ok .to the developed otf
an eye. About 14 houm I.oXe.t. K.il’b eue w Li.tA.t
detected, 1322192 Decemba. i NOAh 6 vi.buz.t iiagtig]

intensification, Kit turned sharply northward
and once again slowed to a speed of movement
of 4 kt (7 km/hr) . Kit’s northward movement
presented JTWC forecasters with a major
dilemma. From the very first warning, Kit
was thought to be an eventual westward mcver.
The strength of the low-level northeast surge
originating over Asia had previously dictated
the tracks of Hazen (25), Irma (26) and Jeff
(27). There had been no appreciable change
in the mid-latitude wind regime since those
tropical cyclones, thus, a similar scenario
seemed very appropriate. But Kit’s movement
was seemingly in defiance to the synoptic
situation. When the 1420052 reconnaissance
aircraft data located Kit at 14.3N, the
141800z warning was amended to show recurva-
ture. However, at 1500002, the synoptic
data showed renewed strength in the northeast
surge (Fig. 3-28-5) and accordingly, near
1512002, Kit turned westward once again. At
1612002 the forecast that abandoned the con-
cept of eventual recurvature was issued.

With hindsight it is fair to say that vir-
tually all the ingredients were present to
allow Kit to recurve~ except one. The
effect of the low-level flow could not be
overcome, and despite the presence of a mid-
latitude trough just north of Kit, there was
a limit to her northward movement.

Following the resumption of a westerly
track, Kit began to reintensify as she moved
into a position that allowed strong upper-
level westerlies to provide an excellent
outflow channel to the northeast (Fig.
3-28-6). At 1708302, a reconnaissance air-
craft measured a 924 mb central pressure, or
approximately 115 kt (59”m/see) maximum
winds based upon the Atkinson and Holliday
(1977) pressure/intensity curve. During the
next two days, as Kit began interacting with
stron~er mid-tropospheric westerlies, she
stead~ly weakened and by 1918002, had lost
typhoon force winds. On 18 December, Kit
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was once again in position where, because of
the presence of a deepening trough over
eastern China and a break in the northeast
surge, she might again jog north and pssib-
ly recurve. Thus, from 1806002 to 1918002,
the forecasts showed an increasing tendency
for a track toward recurvature near 125E.
However, by 2000002, it became obvious that
Kit’s low-level circulation had failed to
link-up with the approaching shortwave trough
and the track toward recurvature was once
again abandoned. It was about this time,
that aircraft and satellite data began show-
ing Kit’s low-level circulation center emerg-
ing on the southern edge of the main convec-
tive mass. Within hours, Kit’s mid- and
uPPer-level features weakened and began
drifting northward into the shortwave trough.
The low-level center, now fully exposed,

turned southward under the influence of low-
level northerlies which followed the short-
wave trough off of China. At 2007432, a
reconnaissance aircraft located Kit’s low-
level center 110 nm (204 km) south of the
2000002 warning position. The 2007432 air-
craft, as well as 2005202 satellite imagery
(Fig. 3-28-7), showed Kit’s entire circula-
tion pattern enveloped in a heavy strato-
cumulus cloud deck. Later infrared imagery
could not identify the circulation center,
but at 2021572, the final reconnaissance
aircraft mission located a weak low-level
,center near 13N129E. Downgraded to Tropical
Depression 28 at 201800z, the fortieth and
final warning was issued at 21OOOOZ. During
,the 36 hours which followed, a weak low-level
center could be identified moving southwest-
ward into Mindanao, Republic of the
Philippines.
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TYPHOON LEE (29)

On 21 December, as Tropical Depression (WMo 9
28 (Kit) was dissipating in the western ina9
PhiliDDine Sea, an area of convection beqan Format,
organ~~ing west of Truk Atoll. Strong -
northerly winds, previously feeding into Kit,
began moving toward the eastern Philippine
Sea, thus closing the western end of the
near-equatorial trough southwest of Guam.
On 22 December, reconnaissance aircraft data
indicated near-gale force tradewind easter-
lies had penetrated to 8N and to the south
of the convective center. However, both the
220000z 500 mb analysis and a portion of the
700 mb aircraft data indicated a mid-tropos-
pheric trough was present southwest of Guam
in a virtually convection-free region. A
singular 700 mb height from the reconnais-
sance aircraft showed an extrapolated sur-
face pressure of 1002 mb near 9N 143E.
The aircraft reconnaissance mission was not
able to thoroughly investigate this trough,
thus it was not possible to determine whether
or not a closed circulation had developed.
By 221800Z, the convection had moved west-
ward and was located close to the mid–
tropospheric trough. At 2221OOZ, when Yap

..

413) reported a 5 mb pressure fall
hour period, a Tropical Cyclone
on Alert was issued for the developing

system.
.-

The first warning was issued for Tropi-
cal Depression 29 when reconnaissance air-
craft data at 2205032 located a closed cir-
culation; at 2212002, because of increased
convective organization and reports of
stronger tradewinds north of the cyclone,
TD-29 was upgraded to Tropical Storm Lee.
During the first 24 hours in warning status,
Lee moved west-northwestward in response to
a mid-latitude shortwave trough moving off
of Asia. Once this trough moved on, Lee
turned toward the west into the Philippines.
Lee intensified rapidly, reaching typhoon
strength just 18 hours after initial
warning and, subsequently, attaining a peak
intensity of 95 kt (49 m/see) within 48
hours. Figure 3-29-1 shows Lee during this
intensification period. However, shortly
after reaching maximum intensity, Lee began
crossing the Philippines and a rapid weaken-
ing trend followed. Just 24 hours after

FIGURE 3-29- J. Tgphoon Lee, now at 85 M [44 ml~ec],
A &tenAitjyi.ng fuzpidtg whih appaoachLng the cenakzt
P1l.ilippineA . 12 how htez, ai.n#u@ &Ua had Lee
with a 94~mb buniace pawuze (95 k {49m/bee]),

’241,%062 Uecembez. [NOAA 7.in@hed.imagwjl
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reaching 95 kt (49 m/see) , Lee entered the
South ‘China Sea with an estimated intensity
of 40 kt (21 m/see).

The JTWC forecast tracks had accurately
predicted a track between Mindoro and Luzon
Islands, then into the South China Sea. Be-
yond this point, the track was much more
difficult to forecast. The numerical prog-
nostic fields were forecasting a deepening
of a mid-latitude trough over central China
and the subsequent development of a
“Shanghai” low in the East China Sea. How-
ever, these same forecast fields were not
weakening the prevailing northeasterly flow
over the South China Sea in the lower-levels..
Because the forecast significant pressure
changes over eastern China would certainly
affect Lee’s westward movement, the option
for a more northward track in the South
China Sea was indicated as early a: the
fourth warning (2400002). However, as Lee
tracked westward, the forecasted deepening
of the mid-latitude trough was delayed on
each 12-hour numerical forecast series. At
2620482, when reconnaissance aircraft 10-
cated Lee still tracking westward and the
deepening of the trough had still not mater-
ialized, the 2618002 warning was amended to
show a more westward track toward central
Vietnam and south of a small high over
Hai-nan Island. Within 12 hours of the
amended warning, surface/gradient level
wind reports in the region showed a lessen-
ing of low-level wind speeds as the pre-
viously strong northeast monsoonal flow off
of Asia moved eastward and more directly
affected the Philippine Sea. Although”not
yet forecasted, the effects of the approach-
ing mid-latitude trough were finally chang-
ing the synoptic situation and accordingly,
Lee gradually inched toward a more northwest-
ward track.

The aircraft data received on 26
December indicated a 990 nm minimum sea-

level pressure at Lee’s center with a band-
ing-type eye present. Although the banding
feature remained for several days, Lee’s
surface pressure steadily climbed and reach-
ed 998 mb as reported by the 2714062 recon-

naissance aircraft mission. On 27 December,
satellite imagery began showing the effects
of increased vertical wind shear on Lee; and
by 2800002, all of Lee’s deep-layer convec-
tion and upper-level outflow had been ad-
vected well east of the low-level center.
On the 28th, surface wind reports showed a
weakening of Lee’s circulation as surface
pressures throughout the northern portion of
the South China Sea continued to increase.

Despite Lee’s more pronounced northward
movement, it was not until the 2806002 warn-
ing that the JTWC abandoned the westward
track forecast. Lacking throughout this
period was an appreciation of how much the
low-level wind regime had changed and that
Lee was moving northward in the absence of. . .
-Y s19nlflcant low-level steering. The
westward track was continually supported by
the usually reliable One-way Interactive
Tropical Cyclone Model (OTCM/TCMO) which
showed a slight northward jog before assum-
ing a west-southwestward track. Finally,
when fix-to-fix data from visual satellite
imagery showed a northward movement in the
six-hour period up to 2806002, the JTWC
forecast swung around to the north. Al-
though the numerically forecast “Shanghai”
low did not develop in the East China Sea,
the effect of the mid-latitude trough on the
low-level wind flow was a significant factor
in Lee’s northward movement, although some-
what delayed.

The final warning was issued at 290000z
when visual satellite imagery confirmed what
synoptic data at 281200Z had indicated: Lee
had essentially dissipated as a significant
tropical cyclone. Figure 3-29-2 shows the
remnants of Lee’s circulation center located
150 nm (278 km) south of Hong Kong.
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2. NORTH INDIAN OCEAN TROPICAL CYCLONES soon transition season as the “Northern
Hemisphere storm season headed for its con-
clusion. One cyclone develped in the
Arabian Sea and the remaining two cyclones

The 1981 North Indian Ocean tropical developed in the Bay of Bengal. Tables 3-6
cyclone season was near normal. Three and 3-7 provide a summary of North Indian
tropical cyclones developed durinq the mon- Ocean tropical cyclones, Tropical Cyclone

Formation-Alerts-and warning;. “

TABLE 3-6 NOR’IMINDIAN OCEAN

1981 SIGNIFICANT TROPICAL CYCLONES

CALENDAR MAx EST NUMBER
DAYS OF SFC MIN OF DISTANCE

CYCLONE PERIOD OF WARNING WARNING WIND(KT) SLP WARNINGS TRAVELLED(NM)

TC 27-81 30 OCT-02 NOV 4 60 979 13 993

TC 29-81 17 NOV420 NOV 4 75 964 12 595

TC 31-81 07 DEC-10 DEC 4 75 964 16 1088

1981 TOTALS 12 41

TABLE 3-7

1981 SIGNIFICANTTROPICALCYCLONESTATISTICS

NORTH
INDIANOCEAN JM FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TmM

ALL CYCLONES o 0 0 0 0 0 0 0 0 1 1 1 3

(1971-1980)AVERAGE* 0.1 0 0 0.2 0.6 0.3 0 0 0.5 0.7 1.4 0.3 4.0

FOMM’ION ALSRTS 3 of the 5 (60%)FormationAlert Eventsdevelopedinto numberedcyclones.

WARNINGS Number of warningdays: 12

Number of warningdays with 2 cyclones: O

Number of warningdays with 3 or more cyclones: 2

●From 1971 through1979,only Bay on Bengalcycloneswere considered;the JTWC area of responsibility
was extendedin 1975 to includeArabianSea cyclones.
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TC-27-81

TC 27-81 developed
hanced convection that
monsoon trouqh off the

from an area of en- The system’s movenent was slow and erra-
emerged from the tic while it was embedded within the weak
southeast coast of steering currents to the south of the 500 mb

India. The Fleet Numerical Oceanography
Center 500 mb prognostic series forecasted a
break in the subtropical ridge north of the
cyclone. This forecast mid-tropospheric
pattern formed the basis for the tropical
cyclone forecasts issued by JTWC, which pre-
dicted a north-northeast movement with even-
tual dissipation over land.

break; however, by warning number six
(3108OOZ Ott 81) TC 27-81 moved into a re-
gion of stronger steering and moved steadily
toward the break. North of the break TC 27-
81 encountered strong westerly flow near 20N,
recurved northeastward and dissipated over
land, south of the Gulf of Kutch, 3 days
after cyclogenesis.
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TC 29-81

Tropical Cyclone 29-81 developed rapidly
from an area of convection that first appear-
ed on satellite data at 1521OOZ November.
The disturbance which formed about 50 nm (111
km) west of the southern Andaman Islands ini-
tially moved northwest, but then went through
a 24-hour quasi-stationary period between
1708002 and 1808002. The first two warnings
on TC 29-81 forecasted north-northwest move-
ment, however, by the issuance of warning
number three, mid-tropospheric wind data
suggested movement toward the north-northeast
was more likely. TC 29-01 finally headed

north-northeast once it resumed significant
movement and continued on this track through
landfall (approximately 2018002) and dissipa-
tion over southeastern Bangladesh. All Cy-
clone positions and intensity estimates were
based upon satellite data provided by Detach-
ment 1, 1st Weather Wing and Air Force Global
Weather Central. Synoptic data, sufficient
to define the circulation of TC 29-81, was
never available due to the sparcity of land
stations and the lack of ships in the area
coupled with the sporadic reporting of avail-
able land stations.
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TC 31-81

TC 31-81 was the second tropical cyclone
to develop during the transition period of
the monsoon season in the Bay of Bengal. As
a tropical disturbance it was’first detected
on satellite imagery at 0312002 December as
it began moving westward from the Malay
Peninsula. On 5 December the disturbance
began to organize and surface pressures drop-
ped to 1005 mb. A Tropical Cyclone Formation
Alert (TCFA) was issued the following day as
slow intensification continued. The first
warning followed the TCFA by 24 hours and
was issued at 0702002.

TC 31-81 moved erratically under the in-
fluence of weak low- and mid-level steerinq

LEGEND f’

until late on 6 December when the system
headed north in response to an approaching
mid-tropospheric trough. TC 31-81 maintained
this northerly track while reaching it’s
maximum intensity of 75 kt (34 m/see) at
0914002. Movement remained slow until the
500 mb trough had passed far enough eastward
to cause an increase in the gradient at the
low- and mid-tropospheric steering levels.
TC 31-81 accelerated in response to the am-
bient flow and tracked inland making landfall
20 nm (27 km) southeast of Calcutta.

TC 31-81 inflicted widespread destruction
to fishing villages along the Bangladesh
coast and contributed to at least 92 deaths.
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